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THE FROBLEM

The problem conristed of obiining sound-trunsmission data in the Adsatic Ocean and adje
cent arees and corelating this information with meteorclogice! and oceanographic coaditioas. The
studies inade involved ranges and frequencies of immediate interese in echortanging ead passive
detection probiems and contributed to the improvemeat of detection techniques, performance pre-
diction, and system development. The approach o this problem was w provide shipboard lastres
mentetion and modificution for acoustic measurements «t vea, carry cut measurements, analyse
and repors on results obtained, and conduct opetational aad engineering revenrch as cecuired.

FINCINGS

Ten joint acoustic-oceanographic cruises in the North Adantic were completed dhrough 1953,
Guting these cmises, neacly 200 scoustic stations were occupied. All wunsmissica data have
been reduced and filed on IBM cards, and copies of most of these cards have been funished 0
the Nrval Rescarch Laboratory and the University of Michigan. Al North Atlantic and Mediter
tanean BT observations in the Woods Hole Oceanographic lastitution File through November 1931
have been reduced to IBM cards and tabulated. Copies of the tabulations have beea fmnished to
the Woods llole Oceanographic Institution, the Navy Mydrographic USfice, and the Agricultwrel
and Mechanical College of Texas., The llydrozraphic Oifice has agreed o keep this basic file up
to date. The transmission data cover a frequency range from 70 cps to 23 kc, snd vertical rever
beration mcasurements cover the raage from 2.2 to 34 kc.

An analysis of AMOS wansmissior data in the 2= to 25-kc frequency region, nciuding the bos
tom mode o! propagation, has - .a completed. Contours of ranaminsion ios3 have beex plotted
for ten frequencies and thece projector depths, for » standard temperatuve {0° F.) sad @ standard
layer depth (100 ft). Cxcsctive charts have been plotied for cach frcguaoncy tor the comsction re-
quited bzcause of changes in layer depth, tenperaiute, and sew state. Values for the absorption
coefficicnt for varicas temperatures are aiso included. The AMOS propugation arulysia ras used
toconstruct lateral range curves for hull-mounted, zcho-ranging sonars at variows frequencies asd
figures of merit for submarines at periscope depth und at the besc depth for avoiding detection.
The curves also apply to spacific layer depths and surface temperawures. Such curves wete weed
by CAPT S. D. B. Merrili to space the ships of his screen in AsDevExL A subsequent study of
AsDevEx-1 and other available data showed that the predicted and weaswred range performance
compared favorsbly at all frequencies over = range of propugation conditions.

A theory hus been developed for computing acoustic wave field intensities nt '] poiats i
cluding causiics ond foci by phase correcdons to the ray theory, Predicticns of inteasities ln
focusing regions by this medbod have been successful.

RECOMMENDATIONS

As a sesult of the accomplishments of Project AMOS, it ls recnomended at the lliowiag
actions be waken:

a Apply AMOS deta > variable-depth sonar applications.

b. Fcduce and anclyze AMOS decp-water propsgation dats ut lower hrequencies.

. Make extensive weoretical computations of acoustic fields.

d. Prepere a sonst tange prediction menual w replace NAVSHIPS 900, 111.
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ABSTRACT |

The Preject AMOS work which was cacrie:. sut through the period 1 January i
1953 - 31 December 1954 is summarized. This ts a final tepoct of the AMOS deep-
water acoustic measurements which began i June 1949. During the period cow i
ered by this report, the Underwater Sound Labotatory carried out s number of .
studies and analyses of AMOS data; these are iacluded hetein as Studies A ‘
thtough ]u
The major study is an analysis of sound cransmission at frequencies between
2 and 25 kc based on all the AMOS data and on other daca available in the classi-
fied and nonclassified literature. Propagation-loss prediction charts based on this
analysis arepresented as a function of certain environmental parameters. An error
study of the propagation analysis is presented next. The AMOS propagation asal-
ysis then is used to construct lateral range cutves for hull-mouated, echo-ranging
sonars at various frequencies and various figures of merit for submarines at peri-
o scope depth and at the depth which is best for avoiding detection. A comparison
is made of measured and predicted ranges for a number of sonar systems, Studies
of AMOS low-frequency noisemaker datn analysis, ray tracing in the ocean, and
. ) bottom reflection in deep water are also presented, sad a summary of Cruise
TWELVE, which was completed early in this period, is included,
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ADMINISTRATIVE INFORMATION

A hydrographic survey of vital sea lines was estabiished in October 1948 by
the Chief of Naval Operatons, Authority for the survey was contained in CNO
letter ser, 00159P31, 19 October 1948 (SECRET). The following month the Chlef
of Naval Operatons, in CNO letter ser. 0503P414, 16 November 1948 (CONFI-
DENTIAL), requested the Buresu of Ships to initiate a program of acoustic meas-
urements as a part of the hydrographic survey. In April 1949 the Underwater
Sound Laboratory was directed to conduct sound transmission studies on board
the bydrogeaphic survey vessels AVP-20 and AVP-50 and to correlate the data
obtained with ocecnographic data concurrently taken. This assignment was made
in BuShips letter ser. 241 (9424), 25 April 1949 (UNCLASSIFIED). Shortly there-
wfte:, the unclassified code name "'AMOS'’ was assigned (o the Acoustical, Mete-
orological, and Oceanographic Survey program by authority of CNQ letter ser.
02%P31, 26 May 1949 (CONFIDENTIAL .

The Navy iodex namber for this program is NE-120221-9, and the Operational
Requirement number is 10-15401. The work conducted by the Underwater Sound
Laboratory was doae under USL problem number D1Al. The measurements phase
of the AMOS program has been completed; the analysis phase is contiouing.
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REPORT ON THE STATUS OF PROJECT AMOS
(Acoustic, Meteorological, and Oceanographic Survey)
(1 January 1953 ~ 31 December 1954)

INTRGDUCTION

Praject AMOS (Acoustic, Meteorological, and
Occanogeaphic Survey) was established in order to
permit the collection of acoustic propagation data
and the simultanevus observation of meteorological
and oceanngeaphic fuctors of significance to sonar
performance in the vital seu lanes of the Atlantic
Occan Juring all seasons of the ycar, The informa-
tion obtained was designed to cover both current
andplanaed echo-ranging and listening fre quencies.

The major objectives of Project AMOS have
been achicved in one form or another, !t is planned
to make continued use of the Project AMOS prop-
sgation-loss data und environmental statistics for
opeeational studies as indicated. The “MOS objec-
tives ste the tollewing:

#. Thepreparation ofa set of prediction charts
for cperational plunning purposes. Such chares rep-
resent the sorar situation on 8 probability basis
for each area of interest and for each month of the
year. Various setsof charts corre sponding to equip-
ment categories, such as surface-ship-mounted
eclio-ranging sonat, variable-depth echo-ranging
sonar, or submarine-installed low-frequency”pas-
sive sonar, may be prepared. From these charts, it
will be possible to determine not only the proba-
bility of echieving a particular detection range on
a submarine by echo-ranging ot {istening but also
the probable range of detection of a convoy by an
enemy submarine.

b. The compilation of a se of detailedpredic
tion charts for tactical employment, based upon
the propagation loss and figure of merit for partic-
ular sonar equipments in relation to the prevailing
oceanographic conditions. These charts will be
used for day-to-day opcrations, for convoy screen
spacing, and for similar agplications.

c. The formulativn of a set of design charts
which will make possible intelligent design of
sonar equipment to meet specified oprational re-
quirements.

The participants inthe AMOS program were the
U. S. Navy Hydrographic Office and the U, S. Navy
Underwater Sound Laboratory, Jointly they were
tesponsible for acquiring simultanecus acoustic
and environmental dacta.. The Underwater Sound
Laboratery was 1esponsible for the design, instal-
lation, and cperation of acoustic equipment, while
the ilydrographic Office carried out the design, in-
staliation, and operation of oceanographic and me-
tecrological equipment. These ageiicies were also
jointly responsibie for the developmem of methods
and techniques for field utilization and tor presen-
tation of the acoustic-uceanographic data to the
torces Afloat, This tesponsibility involved the
preparation and publication of material which pro-
vides procedures for converting equipment charac-
teristics and local envitonmental conditions iato
perationally and tactically usable rerms,

In addition to acquiring acoustic data, the Lab-
cratory vadertook the analysis and correlation of
simultaneously observed acsustic and environmen-
tal data for operational purposes. The Hydro-
graphic Office was responsible for the acquisition
and unalysis of extensive environmental data for
operational purposes and for the publication of
opcrational sonar charts. It also was responsible
for the preliminary planning of AMOS craises,
handled such matters as itineraries, project coor-
dination, time and space allotments, persounel as-
signments, proposed shipyard instaliation of sci-
entific cquipment, and the preparation of technical
instructions, and initinted ‘'working-level’’ con-
ferences with the agencies and veasels involved.

SUMMARY OF ACCOMPLISHMENTS OF PROJECT AMOS

This reportis a fincl ceport of the AMOS acous-
tic-environmental correlations in d=ep water, The

—=GONEHOENTIAL
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Undzrwater Sound Laboratory is now undertaking
an extensive program of shallow-water propagetion
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measurements. ' A summary of the accomplishments duced to 1M carda and tabulated.? Crpies of the
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of Project AMOS at the Underwater Sound L abora- tabulations have been furnished to the Woods Hole

tory is now included,
Since the inception of the AMOS program, a

sizable amount of acoustic propagation data has

been accumulated for the North Atlantic Ocean for
s wide range of acoustic frequencies and environ-
mental conditions. The map in Fig. | shows the
ten joint oceanographic and acoustic stations for

which propagation-loss, duta have beer obtained

up through Cruise TWELVE. The AMOS cruises in
whichthe Labotatory particip ated are listed below:

AMOS Cruises

AMOS Acoustic

Cruise Cruise Date Stations

Number Occupied
TwO June 1949 6
THREE july-September 1949 29
FOUR OctoberDecember 1949 17
FIVE FebruaryMsy 1950 23
SEVEN Novembet-December 193¢ 7
EIGHT February- Apeil 1951 30
NINE June-September 1951 20
TEN Fanuary-Apeil 1952 15
FLEVEN June-September 1952 20
TWELVE Februaty-April 1933 _ 20
192

The propagation-loss data obtained on these
cruises were punched on IBM cards as indicated
below. Finally a set of 26,672 iBM cards was pre-
pare! for all AMDS cruiscs with fourfrequency
{2.2, 3, 16, and 25 kc) propugation-loss data at
standard projector depths, receiver depths, and
ranges. Copies of most of these cards have been
furnished to the Naval Research Laboratory and
the Universicy of Michigan. Availuble transmission
data cover a frequency range of from 70 cps to 25
kc, and vertical reverberation measurements cover
the range from 2.2 to 34 kc. A list of propagation-
run station positions is givenin Tables 1A and 1B
for both high-frequency and low-frequcncy runs.

All North Atlantic and Meditzmanean BT ol-
servations in the Woods Hole Oceanographic Insti-
tution File through Novemk.r 1951 have been re-

1 The present status of the shallowswater measure-
ments program is covered in USL Report No. 260, Quar
terly Repors, 1 July » 30 September 1954 (CONFIDFN-
TIAL).

Oceanographic Institution, the Navy Hydrographic
Office, and the Agricultural and Mecaanical Col-
lege of Texas. There are 131,000 pairs of cards in
the Notth Atlantic File anl 14,350 pairs of cards
in the Meditevranean Tile. This set of environ-
mental data cards has proved to be quite important
in a number of applications, The cards have been
sepatated into vatious geographical areas, and sta-
tistical compiiations ot import ant factors have been
made. The lydrographic Office has agreed to keep
this basic file up to date and recently shipped
48,000 cards to the Laboratory.

Acoustic propagation and associated environe
mental data obtained from AMOS cruises are in-
ventoried below.

AMOS Acoustic Cards AMOS BT Card File

(Card Layout Form, Fig. 7, (Card Layout Form, Flg. 8,
USL Report No. 147) USL Keport No, 147)
Ceulse No. of Cards Cruige No. of Catds
2 i 21, 25, 29 & ? 50
3 | agsof TS 3 250
b 3,000 bl 3so
7 500} 8, 1y, 2% ke 7 50
8 15,000 8 400
9 13,050 9 400
16,000 \0 430
10 0 2.2,8,16,25 k¢
11 22,000 i 530
12 12,500 12 250
Totel | 88,050 3,75¢C

Hydrographic Olfice AMOS Crulse Ocesnographic Statlon File
(Data for ol cruises have been recelved in liating torm,)
(Card Layout Fotms, Figs, 14-13, USL Report No. 147)

Cruise No, of Caids

5100

650
2700
2400
2250

O S

2The IBM cards used for this purpose are shown in
Fig. 1 of USL Ruport No. 147, Repori on the Status of
Project AMOS (20 Ap..l - 31 December 1951), by H. W,
Matsh, Jr., and M. Schulkin, 19 February 1932 (CONFI-
DENTIAL).
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Table 1

PROJECT AMOS PROP/ .ATION RUN STATIONS IN DEEP WATER

A KIgh Freue oy 2.2, 8, 16, 23 (21, 29) k)

, . Vater "
: - Cruise A;:::;:: (:‘-:) Latitude Loagitude D(e':!’h H;::Q":I
2 1 18Vl 49 39%2'N 70%¢'y 1440 s34
: ‘ 2 19 Vi 49 38%17'N 69°25'w 1900 53-2
3 19Vl 49 36%s3°N 6°17'w 2530 33-3
4 22v1 49 36°53'N 62%5'w 2500 523
s 2vI 4 36°53'N 53°%s'y 2800 53-6
7 26Vl 49 3°12°N 60°00"w %0 529
3 3 16 Vi1 49 30°33'y $9%56'w 2800 53-2
6 17 vt 4 %°13.9°'N 34°'y 269 34-3
9 18 Vil 49 30%33°N 48%5'w 2620 53-3
12 20 VIE 49 20°51.3'N 4°17.5'w 172 54-6
15 21 v 49 31%7°N 37%2'y 1850 3-8
18 22 v 49 31°4°N 32%4.8°'w 2400 34-9
21 23 Vi1 49 31°37.1'N 26°%0.2'w 023 $3-11
24 25Vl 49 31%57.9'N zo:w.o'v 2600 34-12
27 26 Vi1 49 32°13.4'N 15°26.0' 2340 35-14
’ 32 28V 49 34°U.2'N 7°35.:00 710 3416
36 tvn 49 36°03.0°N 9°43.1'W 2170 54-19
39 1 Vil 49 38°23'N 10°25.5'w 2630 35-19
42 8 VIn 49 40°49.5'N 13%9.5'w 2800 5422
43 10 vii1 49 44%56.5°'N 16°1L.5°'w 2400 33-21
48 11 Vi 49 46°%4'N 12%4'w 2250 34-23
30 12 VIt 49 47°%9'N 10%8'w 2093 34-26
v 54 19 viug 49 s1°11°'N 14:33. v 350 S¢-28
37 20 Vi 49 52%6.8'N 2°2'w 2040 54-30
€0 21 Vinr 49 $3°04.6'N 26°16.8'W 1900 34-32
63 22 Vi 49 53%52'n 31%54'w 1440 557
66 23 Vili 49 3043, 2'N 31w 1830 $4-34
69 25 Vitn 49 47°19.5'N 30°26.5'W 430 -
72 26 VIl 49 43%3.9'N 2909'w 1600 :4-3,
73 29 viur 49 39:10'N 27°%43°'w 643 S::;
78 21X 4 37 ILON 32004.9:7 1200 s
81 X 49 3673LEN 36031, 2'W 1750
84 51X 49 36°14,9'N 44%50.1'w 2500 5443
87 61X 49 34%3.6'N $1°2¢6.6'w 2390 $5-41
% 7IX 49 35%06.8'N 58%3.5'¢ 2480 S4-46
b} 1 15 s 34%41.8°'N 70:00.6" - ss;z
" 2 181U 30 2612 1°'N s9°oe.o'v - -
i 3 2n % 16°33.0'N 66°33. 1'W 2350
J 4 2310 %0 12°16.0'N 62°50,0'w 1600 38-9
s B 50 11°28,0°'N 59:19.a'v 1010 ;:::t:
6 1m % 16°19,3'N *9°28,2'W 29%0
7 3m 30 21°16.2'N 51254. rw 2770 ::::
8 S 30 26°20.1'N s7°os.1w 3000 o
! 9 6m %0 31°18.0'N 36°20.2'0 2963 -2
10 sm 5 36°15.5'N 55°36.5'w 285
4.°16.9'N 55%8,5'w 28%0 39-23
:l :: ::: :g 4;°53.I'N 50°03.9'w 2000 s8-21
1; m % 35°33,5'N 4°2.0'w 2178 39-28
- ' (Contlnued)
I
3
‘ ~GONFTIDENTHAL

L TN N

——— e e ———

w Y .
VNS TORREIFENUNL 3 R

et e ARAL b B

St -




- S TUMTTRTEIETSRR T OTT T T SRIEETTAELTS IR A A e O i Sl S s skt e s b L aaithias ta B 2 ‘m“ -
-

Tabie 1 (Cem*d)

Acoustle | “Date !
, Crelse Station (atarty Latitude Lengltude "::-3 "aﬂu’."‘::m”»"
’ M vm s 33°23.0'N LR 1520 %30 |
. 15 oM S 33°1%.6'n 137463y 390 39-31
3 17 BIm % 36°22.0°N 2°m.0°w 1700 95-32 g
3 17 B %0 §2°31.9'N 22%s.2'y 2000 35-34 . ;
8 1 som %» 46°%1.0'N 18%18.0'w 2430 5526 . 1
i 1 stim so 42°m.0°N 15%00.2°w 2490 39-37
5 » BV % 19°32.2'N 12°51.0'w 2100 99-50 . E
‘ 1 NIV % U2 sN 2°19.5'w 3000 9835 3
n AV %0 30°2.3'N 35°10.0'w 2210 99-c3 S
x Y 6V %0 3°36.2'N 42°39.3'9 1660 $9-63
M sV %0 30°49.6'N 32°8.3'w 2850 39-67 {
23 ov % 31°37.9'N 60°33.0'w 2620 38-40 ;
7 2 B3 % %%1L.0'N 70°20.00w 2067 -
3 20 % 19°320'N 67°33.0'w 200 621 3
: 3 »maw 14°14.9'N 12°14.7'w 1800 | 634 !
s 6 9% % 13°51.1'N 75°23.5'w 2100 63
R 7 11X % 17°11.6'N 81°12.9'y 710 63-7 1
» s 3X0 % 2373%.4'N 81%53.6'w 1200 639
. . 1 au 9N 31°.9'N 7% 1'w 2750 651
! 2 én 31 30°24.5'N 61° s.0'w 2800 653
3 en 31 30%38.5'M 53°15.5'w 3020 654
‘ ] ot 30°23.0m 4° 9.0'w 2500 63-3
7 BN s 30°%25.0°N %°44.0'w 2300 64+9
? 1y 3 3:°35.0'N 22°39.0'w 2850 6511
9 200 N 32°49,0'N 13°55.0'w 1880 6411 .
10 un n 33%s7.0'N 15°19.0'w 2400 64-12 .
11 nL N 35%27.0'N 7933.0'w 750 64-13
12 am 9 36°00.0'H 10°12.0°E 2% 63-17 ‘
& 13 s 51 33°23.0°'N 22°39.0'2 2049 6418 :
) 14 sm 351 36°352,0'N 13" 2.0'E 1970 6419
u 1 1mm s 39°%03.0°'N HUILO'E 1830 65-21
: 16 f12m s 41°38.0'N 10°25.0°E 800 64-21
: 17 2m 3t 37°%Lo'N 00°30.0'E 1300 63-26
1 nm st 39%43.0'N 1°1.0'w 2240 64-26
- 1 ®u 31 44°39.0'N 7°s6.0'w 2620 6417
2 HEVAR] 48%34.4'N 9%320'w 500 63-31
2 121v 9 46°25.0°N 12°10.0'w 2250 6532
22 BIv N £3°00.0'N 10°40.0'y 23%0 64-33
, p 1) 191V 31 32°1.0'N 20°55.0'w 2250 64-36
| Y] 2wy 32°37.0°N 36%47.0'y 1740 64-37
{ 28 %IV s 32°50.0'N 33739.0°w 2530 65-41
J 23 7iv 5 32°46.0°'N $9°06.0'w 2640 64-41
. » 1 2vH 51 1°20.0'N 39°16.0'w 2600 66-2
; 3 4va 51 44°42.0'N 47°23.0'w 2000 67-4
4 svn 5 49°49.5'N 4°15.0'w 22%0 67-6
! s s v s1 54° 2.0'N 38°15.0'w 1480 66-8
1 s svn 51 36°3L.0°N 31°s8.0'w 1000 618
| 7 12vH s1 8°19.0'N 313°13.0'y 950 67-9
s uvH 5 62°20.0'N 27°37.0'w 500 67-10
9 Vo 51 99%39.0°N 22°%6.0'w 1300 66-13
7] 2VE 51 54° Lo'N 21° o.0'w 1500 66-13
: n 2 vn 51 45%22.N 19°24.2'w 2300 67-1%
12 2% v s1 0°15.0'N 18°52.0'w 3000 67-16
n 2 Vil 51 38%35.4'N 16%24.1'Y 9% 67-18
~ " 3 Vil 51 41°47.6'N 15°9.0'w 73 6621
13 4 vin 31 «“° LYN 15%a3.6'w 3000 67-19
| 16 6 vii 51 46°23.6'N 15°18.0'w 2400 -1
1 7 Vil 51 20°18.7'N 14°37. 7w 2300 6623
' ‘ (Costinwed)
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_Tehle 1 (Comh) ‘
Acoustic Date R . -
Crutee | Acoumtle 1 e batede | Compinde | e Eord | Wrbesrlic
9 1.} 8 Vit 31 ,S”)],j'" ""&,o' 1500 20 . ;
» siIx % A"2L.AN »*n.re 1760 6719 ‘
10 i w52 420 0° Lo'w 2100 o1 E
) 2 u 5 34° 9.0°N un.o'w 11% -2 i
3 An % 38%0,0°N »° s.0%0 1260 “-4 &
4 s Sz 60°43.0N 25%00.0'w 1190 -6 !
3 sy N2 36°24.0°'N r.%20'w 1w -7 ]
‘ 6 on s 34°35.0°N 1°0.0'w 160¢ -9
? e 32 37%0.0°N 12°27.0'w 119 8- y
s 210 %2 61°21,0°N o "3s.0'9 o @1 |
9 7N N 63° LO'N 2°36.0'W 1680 8816 O
10 »u N 62°45.0'N ®17.5'w 1300 $9-17 !
1" 75 N2 60” 7.0°N 3°97.0'w 616 68-18 i
13 632 44"s7.0°N 13°1n.0'w 1200 68-2) '
15 wm 32 39°15.0°N 14°%40.0°W 320 69-29 i
16 B 52 w0"21.0'N n°mec'y 20 ®-17 .
17 nm 32 1" 4.0 «° %.0'w 2600 68-30 .
16 v a2 41%38.0°N 47%0.0'w 2010 -1 L
T 1 PRI Y ¢2°35.0°N w° 16w 14% - e
) 16 vt 32 49° rO'N 4”310 120 701 i
;’ 3 vl 52 36° 3.0°N 1°w.0'w 190 712 s
3 A % Vi 32 59°39.0°N 34°1L.0'W 1330 70-4 ]
b} 2vi 2 62° 9.0'N 22°20.0°% 870 70-6 =
2 3 BVl o2 62°16.0°N 15%25.0'w 1200 70-7 '3
. 7 %4Vl 52 61%15. 08 10°39.0°'w 6% 717 I
, . 8 8 VN 32 66°22.0'N 3°23.0°E 840 7111 b
9 it 52 70° 3.0°N 15°45.0'E 1300 70-34 :
. 10 v 92 73°39.0°'N 8°39.0'F 1350 70-38 i
. 1n 16 Vit 52 70°28.0°N 8° 20'E 1610 70-39 f
- 12 18 Vit 52 75°320°'N 0233.0°F 960 71-42 }
) 13 0 vl 52 73°47.0'N 10° 9.0'W 1700 70-44 g
_ 14 2i vt sz 72°19.0'N 3%31.0 130 71-43 :
X 13 23 vl 32 68°35.0'N 4° 1.0'E 1810 7146
[ 16 2 vn 52 66°12.0°N 3°33.0°€ 820 71-47
17 1 Vi 52 6a°14.6°N 1°13.0'w 1960 7173
3 18 ® vin 2 33°36.0°N nlaow 1550 71-82
i 21 % Vi 52 50°33.0°N a1%aro'w 2350 71-98
;| 12 2 M o» | a®mom 60°15.0°% 1840 722
- 4 U 5 33°53.4°N 62°44.7'9 3¢ 736
¥ . wiE N 34%14.2'N 63° 6.7'W 21% 723
'.' 6 3Im % 21° 7.9'N $7°10.0'W 3310 739
1 7 3 3 26°00.2'N 53734 1'W 3340 72-6
i 8 s 33 27°40.8'N 57°12.9°% 3330 73-10
9 793 19°23.0'N ss”57.0'W 2620 728
5 10 o 17° 6.2'N 58%4.4°W 2975 %1
;| 11 10m 5 18°47.1°N 39°%.0'W 1680 7212
12 18I 5 12°24.0'N «’irLrw 1350 72214
- | - 1 vm 9 14°3.8'N s0°18.5'W 1P 7519
] 14 011 S3 16°41.0'N 60°%42.0'w 3000 72-17
3 13 2211 %3 18°20.0°N 62° 9.0'w 2040 7218
X - 16 3V %) 25733.5°N 67°m.0'w 940 732
| : 17 AR #°32.1'N 69°19.0'W »3e 7> -"‘
g . IV 53 26°25.1°N 69%51.1'W 2973 7%-27 ;
19 61V 33 25°14.0°N 11°38.7'W 000 *n L
a 2 71V 353 77° 61'N 12°15.9'% re 7328 R
‘ 2 151V 3 BALN 73°1.1'W 1563 7% i
§ Py 161V 53 31°41 I'N 76° 7.5'W 1300 701 4
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|
|
|
|
}
E b Lew Srcqeenty
| e Brosd-vacd Secrce! | Bemb ieed | Hrdrophone
| One Lathels Lowghkude Tyoc kaege Rangy Depth
; (ol Gird )
ww n 79°°'N %'n Sker .57 » 49 %9
| 17w 52 | esoon 10’y Blren .37 L] 9 308
: Mn 3 "N %®sre Mk dv (X31) 4 w3300
! e s | 1N | efsw Shen | 030 » -1
»n » 93°w'n %1y O X 0.5-0% o -3 50
f nn 9 | wws | «ww -ty bhad ’ % 300
! L 949 L4 903 300
§ »n % sPm 6® v Neae - ™ -t 90
| am 33 | 2% 8w Neae - " 04 300
i sm 3 18°15°0 6’ u'y Nean - I 05 390
! »m S 15%17'n "'y Neas - " 990
| 1em 3 | 12%rn w’ssy Siren o514 [ -1
! nm 9 N ] 3T Nea: - » ¢s 09
; »m 3 10310 «® yry Kk 4e 0 ” 90; 300
x [ Y ) 19%51'n “* v Mk 4y e »n -t 999
' nm s | 1uOe “® 5w M4 2.033 98 905 909
: 31V 53 735%™ o'y MK 4y 0.5-34 7] s 500
: arv 33 | 20w o u'y Nowe - ” 01 3%
IV 39 26°24'n o*s2rv Mk 4y 0. 509 » " -
6Iv 9 8RN 71°39'Y 1k €v 0.9-76 7 -
i siv 33 | 2%en | 1°¢'w ukie | o6 6 ”n -
i 131V 9 5°n 76°15'Y Mk 4y >30-00 » 9”9 -
! 61y 93 29°36'N 5°24'Y Mh4v 0.5-80 0 ~3 900
‘ PV 5 | W eN 1%ew - 0.5-74 7% 0 -
i niy N 36°2'N 72°%'w Mk4v 0.5-88 ” "0 -
! nw 3 37°3'N 72%55'w Mkdy 0.5-90 % % ~
5 2y 33 | N | 12%ww ukdv | 0573 75 0 ~

At e b =

® santions conducted on 18 VII 52 end | VBI 32 were eccupied on Crulse BLEVEN. Alf sther
stations eccupied on Cruive TWELVH.

t All Siren and NA 4v noisemakor rems bave bees processed.
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{n arididon, nll the wartime acovatic and envi-
ronmented recnds of the Universlss of Californie
Division of War Research have been transcriled on
IBM cards. The shallow-water propasgstion surveye
made in Fishers Island Sound by the Columbia Unt.
versity Division of Wur Resemch snd thic Eam
Const and Gulf v! Mexico shnllnv-wuter propage
tion sutveys cardzd cut by WHOU limve bezn trors
scribed (o punched-cois fomma, An tavevury of these
IOPaf BT HE LRl Do JBta i tre o) &
tory’ s IBM punchked-card fil» is pr-sruted belory,

T b em v,

S e

A
B lonsone

T
[l

——

UCDWR Acoustic Deta
{Card L ayout Forms, Figs, 9-12, USL Reporr No. 147)

No. of Cardy
KLuw Fseyurncy: Acoustic 1861
€1 %6, L6 7.9 and 223 he Evviconmmatar 456
Migh Frquency: Acoustic 41z
10, 14, 20, 40, 36, and 60 kc
but peimarlty 2 ke Envitunmental 1201
1950

T R

D

Flshers Islend Sound and Block 1slend Sound Shallow-Water Date
(Columbis University Division of Wer Resestch)

HNumber

it
Eavironments] Cerds 3
Acoustic Data Cards 160

T S IR S TR NI X
p

- e

i b AW = T3 LW, X e e

RPN T

Woods Ha'e Oceancgraphic Icstitution
Shaltow-Tates Acnascie Dats

Numb?
2athyhremograph Cands “-_8?3-.
Envirunmental Caxds 1)
Acoustic Cads 500

During the year 1951, a set of QHBa perform-
ance charts was prepared. Included in this set
were montaly tables and charts of expected sweep
width for QiiBa-cquipped surface vessels for four
operational submarine-depth intecvals. Such stra-
tegic charts may be used in comparing convoy
routes fiom the point of view of sonar protection
und also for submarine opeistions.? This informa-
tion was transmitted to the Hydrographic Office
for publication and dissemination. *

3 Sample ctharts may be found in USI. Report No.
147 (CONFIDENTIAL).

4 See USL letter to the Hydiographic Office, "*Status
of Projart AMOS,' ser, 1110-036, 1 November 1931
{CONFIUFENTIAL).

]
1
i
i
¢

I preparing these chaets (t was necessary to
establish a Q1'Ba figure-of-merit meascrements
program, which extended well into the yese 19524
As © cesult, che tigures of werit of 27 destroyer
type ships of the Fleet were obtained under vari-
Ius enviroamerial and ship operating canditlons,
Approximately 200 sonarwen pacticipated in theae
npesations, tv addition to the date requir:d for the
atvategic operscions] chasts, many other important
resultn were Vhveised foom i figure-of-merit pro-
grvnn. Sgnills ane (resvraet facoes were uncovered,
the p.nottancy o5 r cleas sumar doce was :uphe
sized, and the importance vf u more rapid audio~
besn search than that prescribed by QMBa doc-
trine was ¢stablished.

An snalysis was also made of the propagation
Jata with respect to variable-depth sonn+ epplica-
tions.® Project AMOS data were sppiied to tke
problem of determining \he optimum Cepth for vad-
sble depth sonar and the gaias w be expected for
a system operating at this depth.

Another study carried owt in the year 1952 con-
cetned the expected eperational performance of echo-
cainging sonars at 5 kc aad 10 k<. I this work,
aimed at efficicat system dcsign, Sroject AMOS
propagation-oss data at acoustic frequencies of
2.2, 8, 15, 21, 25, azd 29 kc were anilyzed as o
fuaction of renge end operstiunal submarine-depth
intervals for varicas BT AYMOS code classes. A
scudy was also made of the expected propagation-
ioss anomaly, at vacious rmuges, erising fom boe-
2om-reflection acoustic paths in deep water. These
propagation data were spplied to monthly eariron-
mental statistics for the North Atiaatic Ocean ares
between ° N and 40° N in order to obisin the ex-
pected median range foe four equipment figures of
merie (140, 150, 1€0, and 170 db) for 5-kc wnd 10+
kc, bull-mounted, echo-ranging sonar systews. In
the present report, a modified vezsion of this study
has been prepared for systems wt 8 and 14 kc.?

S Thin program ic described by M. Schulkie, F. 8
White, Jr., and R, A. Spoag in QHBs Pigwre-of-Merls
Tests, USL Report No. 187. 2 April 1973 (CONFIOEL-
TIAL).

€ See Appendix A of Report cs the Siwtus of Profect
AMOS (1 Jansery - 31 Lacembar 19520 by K. W. i2tsh,
Jt., and K. Schul¥is, USL Report N 168. 3 April 1933
(CONFIDENTIAL)-

7 See USL Report No. 8% (CONFIDENTIALY, Ap-
peadix B,

® See Study F.
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Bottom-reflection paths mt these frequencies have
been found 1> be t=as important than reported cars
lier,

Also in connection with this program a study
concerned with the tempeiature dependence of ar-
tenuation was prepared.’ The study of Project
AMOS propazation measurements made in isothermaa!
water shows ihat the iempersture of the water has
an important effect upon the propagation Joss, the
toss being greater in colder water.

In ditiva, propagation loss in isothermal lay-
ers depends slighily, buc consistently, upon pro-
jector and veceiver depths, Data which showed the
distribution ofpropagation loss at fre quencies from
2 to 25 ke, ut ranges from 1 to 33 kyd, at projector
and receiver deprhs from 20 to 500 ft, and at water
tempecatures from 35° F. to 70° F. were presented.
The probable error uader prescribed conditicns was
3 db. The temperatvre effecet is in good agreement
with » model exhibiting a single relaxation proc-
e33.'% Also, a wave theoretical treatment of the
propagation problem shows that certain features of
the observed depth dependence are explicable,

Analyses of low-frequency noisemaker runs
made on certainc of the AMOS cruises were also
cartied out.'' The purpose of these runs was to
determine attenuation valuesfor propagation of low-
frequency (100 to 10,000 cps) sound under various
oceanographic conditicas. Topics of loterest in-
clude propagation in surface chanacls, channeling
of sound between the ccean suriace and bottom,
discancesbetween focus points at various latitudes,
and modification or design of equipmeat for better
production and reception sf low-frequency sound
in the ocean.

The broad-band magnetic-tepe recerds of low-
frequency noisemakers are being processed with
sutomatic equipment, The end peoduct is a set of
IBM punched cards, ax approximately 250-yard in-
tecvals, which contain the measured level in tea
frzquency bands from approximately 200 cps to
16,000 cps; the actual irequencies depend on the
sowrce used. These runs can extend outio about
80 kyd, and background noise levels are entered

? Sce USL. Repore No. 188 (CONFIDENTIAL), Ap-
vendiz C

10 A formule for the temperature effect on abrorption
includiag reluxation «nd viscous tenas is presented in
Study A of this repos.

11 See Studies 1 wnd § of chin repore,

periodically in place of the noisemaker levels,
Level-versus-range plots have been made for the
card data by means of the automatic plottirg e
chise. Range values were obtained from range-
vorsus-travel time curves drawn from the bomb-drop
data. Sound-velocity-versus-depth plots were com
pleted for all deep Nansen cas: dsta of Cruise
TWELVE, and some ray computations were made
therefrom. 2

From the level-versus-range plota, levels have
bexn resd and cabulated for 0.25-kyd increments
from 1 to 2 kyd, 0.5-kyd increments from 2,0 to 5.0
kyd, 1-kyd increments from 5 to 10 kyd, 25-kyd
increments from 1J to 20 kyd, and S-kyd increments
from 20 kyd to the conclusion of the run. In the
focus region, readings are tabulated at 0.2¢ kyd
range increments.

Source levels for the two soutces have been
decermined by assuming spherical spreading to 1000
yd for each station and extrapolating the value at
1000 yd back t: 1 yd. An aversge value for each
frequency band wes then computed from the em
trapolated values,

Plots of measured level plus computed spread-
ing and absorption loss have been made against
the grazing angle a: the ocean bottom for frequen-
cies of 1, 2, and 8 kc for those stations for which
a reasonable estimate of the ranges at which bot-
tom reflection paths predominate could be made,

An analysis of AMOS transmission data in the
2- to 25-kc frequency region, including propagation
by way of the bottom, has been completed.!? It is
believed that, for the most part, propagaticn at
these frequencies in deep water is fairly well
understood in terms of eanvironmental factors. In
another report,!* contours of transmission loss
have been plotted for tea frequencies and three

projector d.pths, for a standard temperature
(50° F.) and s standard layer depth (100 ft). Cor-
rection charts have beenplotted for each frequency
for the correction required because of changes in
layer depth, tempersature, and sea state, Valucs for
the absorption coefficient as a function of fre-
quency and temperatirz are also included, These
data have been used and will continue to ve used
in the future, in the frequency range covered, for

12 Fot the tay methods used, sce Scudies H and J of

‘this report.

13 See Swudy A,
14 See Swudy B.
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Fig. 2- Tronsiission Loss vs. Ronge for Stendard
Conditions

operational applications involving echo-ranging,
variable-depth sonsar, sndpassive stbmarine soasrc,
It is important to have a standard ieference of
usnsmission loss related to range and frequency.
Figures 2 and 3, epplying to specific eaviron-
mental cooditions which are typical of those oc-
curr’'ng oaturally, are recommended for this pur
pose.

The AMOS propagatioe results were used to
construct  Iateral range curves for hull-mouated,
echo-ranging sonars at verious frequencies and
figures of merit for submarines at periscope depth
sad & the best depth for avoiding detection. }*
The curves apply to specific layer depths and su
face temperatures. Such curves werse usedby CAPT
S. D. B. Merdill to space the ships of his screen
in AsDevEx-l. A subsequent study of AsDevEx-l
and other available data showed that predicted and

15 See Study E.
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Fig. 3 - Tronamission Loss vs. Frequency for Standard
Conditions

wmeasured range performance compared favorably
at all frequencies over a range of propagadon con-
ditionx. ¢

As a resule of its experience, the Laboratory
has been assigned the problem of preparing a sonss
range prediction manual to replace the existing
menual, Soner Prediction with the Bathythermo-
grapb (NAVSHIPS 900,111, 1 October 1947, CON-
FIDENTIAL). The Laboratory also plans to use
its pecpagstion informstion in the analysis of op-
ermional submarine array sonar congact reports.
All such reports received to date have been key-
punched, checked, sad listed. Listings bave been
distributed to ComSubPac, ComSubLant, SubDeve
GruTWO, and Bureau of Ships.

16 See Study F, This study was delivered a3 o paper
at the Nioth Navy Symposium on Usderwater Acowstics,
17 June 1954, at the Naval Research Laberatory, Washe
ingtos, D. C.

PROPAGATION ANALYSIS AND SONAR RANGE PREDICTIONS

The nine studies appended to this report re-
present work done on Project AMOS during the
years 1953-54 inthe fields of pcopagation analysis
and sonar range predictions, Project AMOS collected

Inge quaantities of propegation-loss deta on ex
tensive cruises to all parts of the North Atlantic
in all seasons ia order o extend our knowledge of
propagation, both with respect to acoustic fre.
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quency and depth of eadpoint positions of the prop-
agation path. As each cruise was completed, the
data were examined and analyzed in the light of
previous cruise results, existing knowledge, and
contemporary research by other working groups. !7

The final analysis, as given in Study A, was
considered tc be consistent with information then
available. The propagation-loss data obtained from
AMOS cruises at discrete frequencies of 2,2, 8, 16,
and 25 kc were analyzed and interpreted according
to a definite model. Equations of propagation loss
were obtained for the model and fitted with semi-
empirical coefficients.

The steps used to arrive ot this model con-
sisted of {1) finding the important acoustic-ocea
nographic variables,(2) studying acoustic patterns
in situations when one of these variables domi-
nated, and (3) making the simplest assumptions re-
garding the acoustic interrzlation of these varia-
bles and adding complications only when the
exigency of incorporating a lacge body of data into
the model so required.

The model was constructed from several modes
of propagation, each of which became important
under certain conditions of the wide range of geog-

17 Some of the reports and articles consulted during
the propagation analysis were: "*Transmissios,’’ Pertl,
Physics of Sound im the Sea, Summary Techaicsl Re-
port of Division 6, NDRC, vol. 6, 1946 (UNCL ASSI-
FIED); Principles uand Applicaiions of Umderwater
Somnd, Suromary Technical Report of Division 6, NDRC,
vol. 7, 1946 (RESTRICTED); Sonar Data Divigion,
UCDWR, *'The lafluence of Thermal Conditions on the
Teansmission of 24-kc Sound,’” UCDWR U307, 16 March
1943 (CONFIDENTIAL); R. J. Urick, 'Sound Transmis-
sion Measurements st 8 and 16 kc in Caribbean Waters,
Spring 1949, NRL Report 3356, 11 November 1949
(CONFIDENTIAL); R. ). Urick, “'Sound Transmission
Messurements in the Long-Island-Bermuda Region,”
NRL Report 3630, 6 September 1950 (CONFIDENTIAL);
R. J. Urick, “‘Sound Transmission to Long Runges in
the Ocesn,” NRL Report 3729, 6 September 1930 (CON-
FIDENTIAL); H. R. Bsker, A. G. Pieper, and C. W.
Searfoss, ""Measuwrements of Sound Transmission Loss
st Low Frequencies 1.5 to 3 kc,” NRL Report 4223,
23 September 1953 (CONFIDENTIAL); W. C. Meechem,
¥. H. Kelly, J. R, Frederick, *'An Investigation of the
Sound Transmission Loss in and below an [sothermal
Layer,” Technical Report Project M936, 7 July 1933,
Eagineering Research Institute University of Michigaa
(CONFIDENTIAL); and J. R. Frederick, J. C. Johnson,
¥. H. Kelly, **'An Anelysis of Underwater Sound Trans-
mission Data,” Iateriw ‘chaical Report, Project
M936, April 1934 (No. 1936-1-T), Engiaeering Rescarch
Institute, Universicy of Michigaa (CONFIDENTIAL).

10

raphy and scason covered by the AMOS cruises.
While other observed effects could be included
readily, it was found that these occurred in an ex-
treme way only in certain localities. It was felt
that to introduce other parameters in order to tike
these into sccount would nunduly complicate the
enalysis and would not improve the prediction ca-
pabilities for most of the localities and seasons,
In pacticular, the magnitude of the thermocline
gradient was an important variable of this type.
The propagation data for all thermocline gradients
were grouped in one class. In addition, the prop~
agation deta for all tempermwre gradients more
positive than <0.3° F./100 ft were cousidered in
the mixed-layer class. Jt is recognized that these
assumptions murtbe modified for work ir. particulas
localities.

The important oceanographic-acoustic varie-
bles for the frequen~ies under study were found to
be isothermal layer depth, temperature, and sea
state, The tempemture effect was best studied in
the situation where a constant temperature pre-
vailedto very great depths. Under such coaditions,
it was found that the acoustic field was generally
constant with depth at a fixed range out to ranges
of the order of 24 kyd, the limiting range of the ex-
perimental measurements. In such circumstances,
the attenuation constants were computed and plotted
against temperature for the four frequencies, These
data were then considered with respect to existing
data of the same kind and to other laboratory mess-~
urements. The parameters of & theoretical expres-
sion involving the sum of a viscous contribution
and a relaxation phenomenon contribution were
then determined. Focmula (7) of Study A represents
the resulting expression, Figures 10 and 11 of Study
B and Fig. 3 of Study A are graphs based on this
formuls. It should be noted that the final value of
the relaxation coefficient is less than the value
0.76 presented in an earlier work. '*

The next varisble studied was isothermal 1ayer
depth. In shallower layers than those considered
in the previous paragraph, thece is a residual atten-
uation loss which depends on layer depth, range,
frequency, receiver and projector depth, and sea
state. It was quite obvious from the data that, at &
fixed range and projector and receiver depth, the
residual atcenuation increased the higher the sea
state, the higher the irequency, and the shallower
the layer depth.

o e e S gl SR et L teeman e fm BT

18 See Appendix C, USL Repost No. 188,
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Thus, some kind of scattering phenomenon
which deneinded directly on sea state, and inversely
on volume, since a greater loss was observed for
shallower Iayers, seemed ¢o.be operative. This
could be explained most easily on the basis of a
surface scattering phenomenon. A possible mech-
anism for volume scatteting could be visurlized
whereby sea state somehow inwoduced volume
scattering elements s0 that shallower layers had
more interise scattering centers. Assuming that the
mechanism iz one of suwface scattering, the loss
can be related to the degree of contact that the
acoustic encrgy has with the sea suface as well
as to the size and frequency of the surface irreg-
ularities. For an omnidirectional source, the frac-
tion of rays which are refracted upwards to meet
the surface depends on. the layer depth. The range
of the limiting cay is a measure . of this fraction,
This cange between successive surface contacts
of the limiting ray turns out to be the /L/2 in
kiloyards if L is expressed in fcet. Thus, /T is «
suitable scaling factor for range if the degree of
contact of caergy with the surface is a satisiactoty
measwre of the energy loss from a surface channel,
By further scaling the projector and receiver depths
to layer depch, it would seem possible to normalize
the data fot all layer depths at any siagle fre-
quency, This was done in the anulysis leading to
Study A and proved to be a mlisble wey of trans-
lating a large amount of dacy into a single prop~
agation class,

Three propagation zones were recognized in
connection with propegation in th= presence of
isothermal layers. The near zone is defined by
A limiting ray leaving a source and reruming to
the surface wfier touchiug the bottoc2 of the swur-
face channel. in this z e energy travels between
points by a direct path and spreads sphicically. In
the far zone, energy is propagated downtlke channel
after two 02 mote coatacis with the surface, end
the decay of the ncoustic field can be rpresented
by a scetcering lose ~ceffic ent ndded 1o the tem-
perature . absorption tena xt e fixod frecpency.
Cylindrical spreading holds iz thiz region. The
intermediate zone is a 20n¢ of transition becween
the ncar moe with spherical spreading and the
far zone with cylindrical spreading and surfsce
scattering lcss, A semiempitical depth-loss factor
was obtained for each zone, depending oa the ratio
of the scaled rang~ in any zone © the scaled znae

OONTEIENTIAL

width, The formulas pruvide u propagation luss for
any projecwrrecelver depth pair,

Yhen both ends of the propagation path ore not
in the isothermal lnyer, encrgy may penetrate below
the layer by way of surface scattering, diffractive
leakage from the swface channel, or diffeactive
leakage from the direct beam, The first two cases
are taken care of by the depth-loss factor for each
of the propagution zoncs of the previous mode.

The case of diffrnctive leakage fiom the dicect
beam must be treated individually when the mode
of propagation iavolving downward refraction pre-
vails. Downward refraction occurs in the preseace
of a negative velocity gradient directly betow the
surface when nio iayer is present or in the thermo-
cline below an isothermal layer. Thus, when oue
end of the path iy ir the surface channe! and one
end is beneath the surface channel, thiz mode
spplies to the prtion of the eneigy which is splic
at the limiving ray and in refeacted downwerds,
The formuls~ for proprgation loss for this mode
have been busedon athecretical expression devived
previously. !? The term in the brackets of Formula
{2) of $tudy A has been fitted with expirical ccef-
ticients for an average velocity gradient. The equa-
tion for the limiting ray under these conditions iss

R=1/5 J[Z,-L| + VS VIZ -L].

Since the acoustic irtensity may be dominated
cither by leakage from the sisfzce chennzl or
diffeacted energy from the downward refracted
beam, computations must be made for both of these
modes when both ends of the propagativn path ate
not in the layer. The mode producing the lesser
prop sgation loss is the onc that prevsils.

An important mode of propagscion for variable-
depth sonat applications occurs when a depressad
ot internal sound channel is present and botl: eads
of the propagation path are in the chaunel. The
axis of t.e channe! isthe depthof a sound w>locity
mirimam. This condition usually eccurs when the
tempermure gradiene levels off below a steep
thernocline and the pressure effect on sound ve-
locity with increasing depth takes over. ‘The
SOFAR charrel is such a case in poine, It has

19 See H. W. Marsh, ]r., Theory of tbe Awomalons
Propagation ¢ Acoustic Weves in ibe Oceam, USL Re-
port No. 113, 12 May 1930 (UNCL ASSIFIED), p. 35,
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been found from the AMOS data that for shallow,
depressed channels the width of these chennels is
spproximately equal to the depth of the chunne!
cxis, This model has been used io obtain an ex-
pression for the propagatica loss, which in the
same as that for the near zone of the swface chan-
nel. 1t should be noted that this expression holds
on the average,

Finally, therc are situstions where cnergy is
propagated between twe points by way of the bx-
tom. Data kom several sources were combined 1o
yield a set of curve s of bottom lors versus bottom-
gtszing angle for frequeiicies fror: 125 cps to 32
kc. In using these curves, one calculates the
sprending and absorpiion foss over the ruy path
ker speculer refiection ca the bottom and insercs
the appropriate bottom loss. For echo-ranging pur
poses, the one-way propagation loss computation
must be doubled. Study I of this report presents a
discussior. of the data used in arriving st the bot-
tom-loss curves.

An error aralysis of the se..jempirice! formulas
for computing propagution lossis givenin Seudy C,
It is shown ther: . on the basis of a sampling pro-
cedure, that the nrediction method is religble cver
the venge of frequencies and ranges consider:d.
¢.me reduction in probable error covld be achieved
nevhaps for the downwacd refraciion mod: of prop-
agatiun by taking the magnitude of the veivcity

SUMMARY REPORT OF

The Oceasographic Suevey Unit for Cruise
TWELVE consisied of vse USS SAN [.ibl.v) (AGS

21 The aummary repoctof AMOS L. se TWELVE was
preparcd by LT E. C leelia, Jr., Hydrogiaphic Swrvey
Officer at the Un'erwater Souad Laboeatory, The operss
ton order for thi: nive appeats Ia letter from the Hy-
deogenpher to ComSubL ast, **Techaical iastructions for
AMOS Tivise TWELVE; forwarding of,”" ser, 09483, 31
Decembes 1952 (CONFIDENTIAL). The mcasurcaments
0 be take on this cruise were proposed ia USL lentes
% the Hrdeographes, AMOS Creisc 12 otheddde of,”
oo 1170-036, 14 Nocember 1934 (CONFIDEN [ AL).
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gradient into sccount, but this is hardly worth the
additional complications.

Study F compares the petformence of vadous
echo-ranging sonars from the point of view of
equipment fignre of meri and eange petformance,
In this paper, it is shown that the prediction xeth-
od givesrosults which rompare favorably with oper-
ational tunge performa..ce data. Studies E, F, and
G preseat three operacionsl applications of Project
AMOS results to surface vessel, echo-rangliog sona
performance pre Uictionproblems.2? ia these studies
the expected performance of echo-ianging sonars
under various environmenta! an’ sperationa! cun-
ditions is discussed.

Study H contains & very useful and intecesting
aoproach © the protliem of ray tracing sad field
irtensity computations. In Studies I aod ] chese
methods are applied espccially co the energy prop-
agated through the decpr ocenn by way of the SGFAR
chanr2] to focusing regicas, A more detaiied appil
=atien of this theory is made to the dite obtained
in connection with the Project AMOS low-frequeacy
broad-baad noisemaker runs. It is showa that the
quantitative feaiures of the data can be expliized
by the theory.

20 The comcepta or 'probabilitr of detection’ and
“latera! runge curves’’ are discus-~ in detel! ja USL
Report No. 147,

AMCS CRUISE TWELVE?*!

30). CAPT %. L. Day (Commsader Oceancgrephic
tuevey Urir); and che USS REHOBOTH 1 AGS- %),
CAPT R. R. Snyder.

AMOS Cruise TWELVE was planced primacily
fiom the ztandpoint of obtaining the maximum
smount of scoustic Jata :_ pported by the neces-
sacy ocesnographic and seismic operations. The
following measurements werc proposed by the Lab-
vratory;

a. 27 Acoustic Event §
b. 17 Acoustic Event 8A
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c. 27 Acoustic Event 3

d. 27 Acoustic Event 6

e. 5 Special Acoustic Events
€. 2 Acoustic Event 8C

The following itisers’y wee set for this cruise:

(?,';';) Awlval-Depurteca Place
26 Yamvary Departuee Norlolk, Va.
30 Jaawary el New i.¢"‘on, Conn.
7 Febewaty Departure tiew Londen, Conn.
33 February Arsivel Beamwds
27 Febromy Nepot e Perands
§3 Marck Astlvnl Trialdsd, RW.0
37 tharch Departwre Trinluad, 5.5
25 Merch Artivel Son Juen, P. R
30 March Daparture Ssa Juus, P, R
10 Apeil Arival Naassw
13 Apeil Depsrture Nassax
23 April Artivel Philadeiphtly, 59

The total cralse thine wan 83 days. OFf thiu time 64
were spent at sea,

The followisg L aboratory personael participated
in AMOS Cruise TWELVE:

USS SAN PABLO USS REHOBOTH

LT £. C. loelin, pe. ENS 8. B. Nicbels

N3 B. B. Helleck tie. . H. Thorp
e il F. Beraler Mr. L. C. Paples
Me. . G. Weigle

Me. O. P. Dicksen
e S . Nedaweckl

ENS Nichols asasferred from REHOBOTH to SAN
PABLO in Trinidad. Mr. H. johnson, of WHOL,
was embatked in REHOPOTH duciop die Notbolk-
to-New London «nd Bermuda-to-Trinidad legs.

TVENT Tt FOUR-'REXIENCY TRANIMISSION-LOSS MEASUREMENTS

Twenty-two Evest 1 stations were medc on
AMOS Cruise TWELVE. 3incc the muld-elemeat
line hydrophone was no: available, en slternae
operating proceduce was developed. Jriefly stesed,
pulses wure transmitted while the transducer were
tuised from $90 feet to 20 feet. Recelving trane-

dvcere vere stationed at 20, 50, 100, 250, sad 300
fret with one usnsmitting rve for each recerring
Jepth. kandsed reages for Creut 1 were 3000,8000,
12,000, 18,/ and 24,000 yards. When bathythermo-
gaph couditicns were such thet no transmissivus
were to be expected ar 24,090 yards, an additionst
range of 5000 yards was taken.

EVENTS 4 AND 5: VESTICAL REVERBERATION MEASUREMENTS {12 KCY ARD DEEF
SCATTERING LAYER MEASUREMENTS

No Event 4 and Gvent 5 data were obtaincd.
As & result of heavy pounding of the SAN PABL.C
during cthe first snd second ieg, the AN/UQN-1

fathometer transducer was Gamaged. A replacement

was installed in Berwuda, but bigh-quality recep-
tion was not obiainable.

TPy s Viahe T V220

. EVENT 6: VERTICAL TRANSMISSION AND SCATVERING LAYER MEASUREMEXTS
(8, 16, #AND 3] KC)

No Event & dutn were obtwnediecause of fesh  failure, but later they were found to be caused by

omete: t-ansducer difficulties on the REHOBOTH. broken rystal leads.
At tirst theae difficuliies were auributed to cryscel
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EYENTS 8A AND 8B8: LOW-FREQUENCY PROPAGATION MEASUREMENTS

. total of 25 Event 8 type nessurrmentr were
made, Subdiviced by types they were:

Event 8A __!_V::l 8p
11 with Mk 4 4 with Jombs only

3 panital cuns wich ML 4
7 toas with beaks caly

No complete siren juns were made. Repeated me-
chanical casualty to the siren sand pum) overhene-
ing problems precluded its effective use on AMOS
Cruise TYELVE. One short run using the Mk 6
was made to obtain the "signature’’ of the device
as & sound saurce.

The schedule incinded the aix special events
described below. Drrailed reports of these eveats,
complete with truck charts muc logs, are being pre-
pared for distribution.

ABLE (Sit= 1): A combination of unauitable weath-
er and lack of coordination between the amircraft
and Office of Naval Research resulted in failure
to this event.

BAKER: Special Event BAKER started at 2012442
February, 120 miles northwest of Benuuda. During
the cnurse of the circular run and the final radial
run into Bermuda, 360 bombs were fired. Except
for time out of commission, the Mk 4 was operated
intermit -ntly according to schedule. The final
bomb of Pkase | was fired at 230538Z Feheuary.
The depth of Jetonation of the SOFAR shots is
doubtful. The detpastors used were obscrred to
give ermtic results and caused detonuticn to vary
from premature to nonc at all. Phase 11 started at
2820152 February. A tota! of 147 borrbs werc fired.
The event ended at 920630Z March.

14
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CHARLIE: This cvent war exccuted by the sels-
mic personnel and will be reported by them. How-
ever, cursory analysis of the dain shows ao evi-
dence supporting the existence of Echo Bank.
DOG: This event started at 222264Z March. On¢
hundred and two bombs wete fired. The Mk 4 aper
ated one hour on, one how off. No Mk 4 casuaities
were experienced, Phare | ended at 240 100Z March.
Phase 11 started at 301707Z March. The two runs
(070° and 304°) were cun in accordance with the
planned schedule. Sixty bombs were dropped on
each run. On the 400-mile run on bearing 007°,
260 tembs were fired. The event ended at 010043Z
April.

EASY: Special Event EASY started at 0813042
April, Forty-three bombs were fired. The Mk 4 was
operated according to schedule. Phase | ended at
0912197, April and Phase 1] siarted av 1322122
April. Seveaty-eight bombs were fired. The Mk 4
operated without failure. The event ended at
142345Z. Upon completion of this event the signa-
ture run of the Mk 6 was made.

ABLE: (Site 2): To utilize time more economically
it was decided to abandon the site of the first
Event 8C. It was planned to conduct Special Event
ABLE and Event BC at Site 2. Eveat ABLE waa
slmost complete? when hesvy weather caused aban-
donment of the site.

The following major material casualtica and
deficiencies were noted:

a. In ordec to keep the Mk 4 opemiive, con
tinuing maintenance wasrequired. Four diaphragms
were vsed.

b The Mk 6 can not be towed at speeds over
% knots. It was not uved except for the one signe
ture n.
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STUDY A

SOUND TRANSMISSIOM AT FREQUENCIES BETWEEN
2 AND 25 KILOCYCLES PER SECOND!

R A e iCac b - o

il

™

by
H. W. Marsh and K. Schulkin

Lrhis teport, which was isaued as USL Technical
Memorandusm No. 1110-110-34, 27 August 1954(UNCLAS-
SIFIED), is & revisior of USL Technical Memorandum
No. 1110-8-54, 14 Jaauary 1934 (UNCL ASSIFIED).

¢ INTRODUCTION memorandum. A comprehensive discussion of these
}‘ results, including comparison with other exiating
1 An saslysis of AMOS transmission data in the data, and recommendations for spplications will
L 2- to 25-kc frequency reglon has been completed. . given in a forthcoming Laboratory report.

3 The results of this analysis are preseated in this

METHOD OF ANALYSIS

A definite model of the ocean as a transmitting
medium has been used I carrying out this analy-
sis. Reference to Fig. 1 will show that there sre
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several modes of propagation which determine
transmission cuaditions under any given set of
circumstances. Sometimes the different modes are
of comparable impottance and must be combined in
order to estimate the net scund field. At other
times the sound field is dominated by a single
mode of transmission.

In the present analysis an effort has been made
to study the various modes separately ‘This can
be done to a great degree by a pioper selection of
data according to the different oceanogeaphic fac--
tors and according to the geometry and acoustic
fre quency associated with the daca. Those factors
which have been determined to be of importance
are:
lepth of isothecmal (sucface) layer
Sen state (wind force)

Depth of axis of depressed sound channel
Depth of ocean bottom

Water tempcerature

Range

Depth of source

Depth of receiver

i. Acoustic frequency
By scaiing and by cettain laws of combination, it
is possible o reduce substantially the number of
parameters required to characterize any particular
mode. Thus, it is possible to prepare a limited set
of charts or tables which, together with a small
amount of computation, can be used to determine
transmission loss under any prescribed condition
lying within the framework of the analysis.

TR oA a0 TP

THE BASIC MODES OF TRANSMISSION

Transmission via modes associated with the
surfuce isothermal layer and various orders of sur-
face scattering (including negative surface gradi-
ent) may be scaled to layer depth and described in
terms of a few simple formulas, which are listed
after the dcfinitions below. Source and receiver
depths may be used interchangenbly in applying
these formulas. However, the conditions applyiug
to the formulas are stated only for 2, < Z,

The following definitions and symbols will be
uscd:

Bosic Variables

Surface Isothermal Layer Depth (ft) L
Sea State A}

16

Depth of Axis of Depreased Sound

Channel (fv) D
Depth of Ocean Bottom (fm) B
Water Temperature {deg. F.) T
Range (kyd) R
Depth of Source (ft) Zs
Depth of Receiver (fty VA
Acoustic Freauency (k=) !
Relaxation Frequency (kc) fr
Transmission Loss (db) Nw
Spreading Loss (db) {10 log R,

20 log R (Fig. 2

Absorption Coefficient (db/kyd) a (Fig.3)
Scattering Coefficient (db/kyd) a, (Flg. 4)
Fitst Depth-Loss Factor G (Fig.5%)
Second Depth-Loss Factor H (Fig.6)
Bottom Loss ‘ ib) Ng (Fig.7)

Scaled Variables

r '=R/\/T:a
2o =V Zo/ VL,
2z =ﬁ/fco

1
r n‘—[Z*z_zo};zsl'zosl;

" a}~[l—zo]+;—\/z!"1;!2112051;
\/zg—l+\fzi-1
- S

"

P %, Zo > 1.

T

n

[«

Y
1
\
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Fig. 2 - Spreading Loss (db)
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The propagation-loss formulas for the various
mode s of propagation are the following:

Divect Radiation Zone (Zone 1}, 0 <r <1,
When both ends of the transmission path lie

within or at the bottom of the surface layer, the
following formula applies:

Ne = 20 log R + aR +G(z—z,);:l-+60.(l)

At all other times use the smaller of the two

transmission losses computed by Formula (1) aad
the following:

Nyp =2 log R +aR
I va
+H{2s-V]Z-Ll-V]Ze ~L| + SR](——)

15
+60, (2

The quantity within the parentheses, multiplying
the frequency term, is taken as zero when it is not
positive.

Zone of First-Order Surface Reflection
and Shodow Zone {Zone 1)

Two propagution modes occur in Zone 11:

Energy has beea reflected at least once at the

surface. The acea coveredis 2, < 1,7y <r<rp + Y.
Then,

Nw=21logR+aR +2(r-r)H{(z, z,)
+t1=20r~r)l G(z - 2,) + 60. (3

The shadow zone beyond the limiting eay is
delineated by

o2l zx 1,7 S7<n +%.

For Zone 11 use Formula(3) or Formula(2), which-
ever yielda the sisaller propagation loss.

Zone of Second- or Higher-Order
Surface Reflaction {Zone 1)

Energy has been reflected atleas: twice at the
sutface. It covers the urea z, <1, r; + % <r. Then,

18
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Nu=101l6g R + (@ +6,)K + Hix, )
-, JL(ry + %)
+10 log [VL (ry + %)) 4+ 60, 9

The shadow zone beyond the limiting ray is
deliceated by

’ozl' 82_ l. 'l "%S'o

For Zone [11 use Focmula (4) or Formula(2), which-
ever yields the smaller propagation loss.

Transmission Via Depressed
Sound Channel

For this mode, the depths of the aource and
the rectiver are referred to the axis of the chan-
nel as the origin, and the chacnel half-width,
equivalen: to the layer depth of & surface isother-
mal layer, is taken to be one-half the depth of the
axis, Thus,

Ny =2)log R +aR
[Z1z - D] [21Z, - D] -
+n( 5 ‘/ 5 )+6o. )

Vranumizsion Via Bottom Reflection

Transmission takes place by one bottom re-
flection:

Ne =20 log R + 4R + Ny + 60, 6

where R is the slant range from the source to the
bottom to the receiver for specular reflection and
Np is the bottom loss for the grazing angle at the
poiat of reflection and is given in Fig. 7.

ANALYSIS OF DISPERSIONS

The probable errors of *he propagation loss
estimated by this method are givea below:
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Ptobable Errors of Propsgation-Loss Peedictions (AMOS) ( 2db)

Ftequeacy (ke) 2.2 A 16 23

Mode of Transmission

(Foemulas 2 and %) 65 3 &3 9
Mode of Trensmlsslon

(Formulas 1, 3, acd 4) 4 3 43 93
Reciprocal Difference 33 23 LS MO

These errors result partly from the inadequucies

of the:method, from basic fluctuations which can

not be ptedlcted, and from errors of measurement.
In order to estimate the fluctuctions, a study has
been. made of the sound fields measured under
identical conditions but with the source and the
teceiver interchanged. The difference between the
tyloAmeasuements is referred to as a reciprocal
difference. Except for that mode of transmisaion
associated with Formulas (2) and ($), the error of
estimation is approximately 1-1/2 db greater than
the mean reciprocal difference. The probable er

GONTLOENTTAL

rors associated with the bottom reflection data
(Fig. 7) are given in Fig. 8.

T
6 — : A~
bef
. A
%‘ /
o $L~
] y
//
' J/ -
g
]
] 5 5 10 50
FREJUENCY N KC .

Fig. 8 - Prbable Error in Bottom Loss vs. Frequaner

ASSOCIATED COMPUTATIONAL. FACTORS FOR PROPAGATION |.OSS

In ordec to compute the individual terms of che
ptopagation modes, the followirg formulas ure re-
quired;

Absorption Coofficiant (db/kyd)
(see Fig. 3)
2, g
3= A, ’T + EI—— ] (7)
P+iF Ir

where
A= 0.651. B = 0,0269'
fr = 1.23 x 10° —[2100/(r + 439.6)}

- 123 x 10° x ¢‘“3°/(1‘+4”.6)'

and thea
A/B = 4.3 [s¢ =93

For low frequencies,

PN X 17T &
Ir '
and
a, ~ 0.0073 /2 for T = SO°F.
<CONFIOENTHM

T r———— —— e e

X st Eiaen 4. e o

Scattering Attenuation Coefficient
(db/kyd) (sew Fig. 4)

/ V2
‘5‘ - 4QS(E) » s <3
A V2
/
-9(5) » s_>_ 3-

First Dopth-Loss Factor (db)
(see Fig. 5)

G(x - 1) =0.1x 0¥ -2/ 253>, (x ~ 5 )5 1
=20 (/2= - x 2 1.

Sccond Depth-Loss Factor (db)
(computed from Fig. 6)

H(x x) = F(x—x5) + F(x) 4+ Fixa),

where

f v3
P(x) = 0.4 x 10*(5) o [28;

=0.4x 9%, j<8.
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STUDY B

CONTOURS OF TRANSMISSION LOSS FOR
STANDARD CONDITIONS AND CORRECTION CHARTS'

by

M. R. Pewers, K. R. Dicksen, and L. P. Onyx

INTRODUCTION

Countenirs of standard transmission loss, N,
have been plotted for ten frequencies and dhwee
projector depths, for a standard temperature (50° F,)
and a standerd layes depth (100 feet). Correction
chares ave been pleotted for each frequency for dhe
correction required because of changes in layer
depth, temperature, and sea state. Values of the
absormption coefiicient, g, for varicus temperatures
sre alse included. The corrections are to be added
to the standard transmission loss. The loss con
tours and correction charts for each frequency have
been grouped tagcther for zeady reference.

METHOD OF COMPUTATION

The values of the wansmission Joss lirst were
computed from Tormulas (1}, {3), and (4) of Study
A. In all the computativns a !myer depth of 1)
feet, a temperature of 50° F., aud a sea state of
less *than 2 were assumed. Couputat’ons were
made for projector depths of 20, 50, and 10} feet,
for frequencies of 2, 10, aad 25 kec.? For each
proj=ctor depth and frequency, the stendard irans-
mission ‘css we s computed at seven receiver depths
aad eight ranges. These values wore used to plot
contows of cunstant Jos3. Eramples of such con-
tours are yiven ia Figs. 1A through 1C, 3A through
3C, and SA through 5C.

A plot o uvansmission loss for Formula (2) of
Study A was also madr for each frequency. The

1 This report, together with a complete set of work-
ing chans, appeeced origitially es USL Tetvhnical Mem
orandum No. 1110-101-34, 17 fuguwst 1934 (UNCLAS-
SIFIED).

2 The orlgiral computvicas were made st addictoanl
frequencies of 1, 3, 8, 12, i4, 78, and 31 tc. However,
the compntations forthe l-kc frequency are extrapolcred
from data at hicher frequencies und thus are to be cos-
sidered an estimates only.

loss was comguted as a function of I, where

T-Viz-Ll+VIz -1

The curves were plotted for constaut range, R, be-
twevn 0.5 and 25 kyd, for valves of 5 frcm O 0
140, These curves should be used when they give
a smaller lcss value ¢aan the value computed from
Formvulas (1), (3), ard (4) of Study A but zam not
be used whea both the projector and the receiver
cre above the iayer. Examples of thes: compute-
tions are givea in Figs. 1D, 3D, and 3D.

The Isyer-depth comection was compnted o
the focmula:

Ay =10 log & - ¢.n($_—"- - l).
where

L = {ayer depth (fr),

1o = standsrd layer uspdi = 100 ft,

¢, = absowption coefficieat (db/kyd) at
T ~50°F,, ead

R = range {kyd).

This formula was cvalusted. fui twelve values of
L between 9 and 024 feet, Corves were plotted
for A, versus R, for constant L. The coatours
of coustant A, (see Figs. 2, 4, and §) were
slotied by interpolating in these curves. This cor-
rection applies to Formulas (13, (3), aad (4) of
Study A.

In ocder to (ind the ransmission lors for a
given R, Z, and Z,, foc u layer Jepth different
from 100 f¢, it is necessery 0 find the values of
the scaled vasiables r, x, tud z, by using the ac-
t al layer depth. The stsadard lows costows are
catered wich r, z, and x., nad the value of N, is
read, The corruction tesr is found fiom the layer
cotrection cunwurs, where these curves are eatered
with R and L.
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The temperature correction contours weve plotted
In @ manner similar to that used for the layer cor
rection:

Ar = a.k(é - l).

where

a isevaluated at temperature = T* F,,

a, is evalusted et stendard temperature
= 50° F., and

R is range (kyd).

The formula was evalusted for six values of T
between 30° and 90°, and the curves were ploteed
for Ar versus R at a constamt T. The coacours of
constant Ay (see Figs. 7A, 7B, and 7C) were
plotted by interpolating in these curves. This cue-
rection applies to all propagation zones,

It should not be assumed that interpolation i
these correction charts will be accurate for ana in-
terve] smaller than oac-linlf the interval batween
contours. If greater accuracy is desired, the cor-
tection values should be found from the formulas
or from graphs for constant L or T. This is particu-
larly true for ranges of less tan one kiloyard,

The sea-state correction

A, ~ &3V r={r, + ]

has been plotted for each frequency {Fig. 8). This
is applicable only for the ranges r> ry + Y4, for
which Formulay{{) of Study A applies. These ranges
may be determined by using Fig. 9 for the chize
values of projector depth (z, = 0.43, 0.71, 190,
or Z, = 20, 50, 100 feeq).

Figure 10 gives the valves of @, fci frequen-
cies from 1 to 10,000 ke, at T = 30° F. The valuer
of ¢ = #/a, are plotted for temperatures fros 25
to 80° F. and for frequencies from 1 to 10,000 ke
(Fig. 11).
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ERRCR STUDY OF AMOS PROFPAGATION-LOSS ANALYIS
by
W. H. Thorp

As lavestigation was made of the magnitude of
errors 0 be expected from the vse of the analyti-
cal formulas givee in Study A of this veport for the
estimation of propcgsiion loss. This was done by
working with a r¢  eventative sampl: of the encire
dacs file. This cample was cixained by selecting
st random a single IBM card to represent each
¢’ the Nocth Adantic deep-water stations which
were occupied between 1949 snd 1953. Each card
20 selected contained the measuced values of prop-
agaiion los= for one or more of the fouwr discrate
¢ ‘oustic frequencies (2.2, 8, 16, and 25 kc) for a
g.ven ronge and projectorreceiver depth pair,
These dnea are listed in Table L.

The mcde of propagation which applied to each
particular station card was determined from a'con-
sideration of the pertinent parameters us indicated
in Study A. The correspoading values of propaga-
tion loss were then computed from the formulas of
Study A. it should be noted that more than oze prop-
sgution mode may apply under the transmission
conditionx; therefore, calculations using each sp-
plicable formula must be made and the result which
indicates the least loss must be chosen. Thia, in
effect, increases the nunerical effort required by
about 50%

Jo Table 2 rre preseated the probable errors of
the prediciion method obtained by subtracting the

LA....L T Dbl st P el 2T Uik LA et B TO e bl T

C3% - g r—— . s o s

computed values of propagation loss from the meas-
ured valaes for the indicated propagaiica modes for
the 149 stations of Tadle L For the remaining nine:
statioos, the prevailing propagation mod: appeared
to be by way of the oceun botiom.

The magoitude of tae probable errors reflects
‘some of the time varisbility ok the ¢ cean itself as
a propagation medivm. This effcct was estimated

. in this study by coasidering the reciprccel anture

of propagation overtie sume path with ransmicting
and receiving pesitions interchanged withuz a peri-
od of from 15 to 20 minutes for most of the stativas
in Table 1. The reciprocal differences referred to
in Table 2 are the differences in measarcd prop-
agation loss over the same path, but with receiver
sad projector positicns istercheaged. It may be
scen that » sizeble partof the probable error of e
timation arises froa the time variability introduced
by the ocean. These errors appeat to be independ-
ent of range over the canges of the AMOS ezperi-
meants (1 to 23 kyd).

It may be seen that the probable errors fou the
downwerd refraction mode of propagation appear to
be latger than those associated with surface chan-
nel propagation. ‘he erors associated with prop-
agstion by way of the bottom are treated separately
In Study D.
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‘Table 1 {Cvat'y)
ayet Surfece Ptﬂeﬂ;'lmlvet
Crelse smu-Fm siom | Tecpersese | Do | g | T i |xte | ake | teke | 230
" °r.) e ™ a2 Wonenty L% L nqu.. Ve | Towe| Mo [Newe
s u 2 1 70.0 2 173 soeo| o | 107{103 31| 113
b1) ° t 0.0 % N 160} (® 29 {103 {108 | 127 Jaze h 127
24 50 1 L8 1% 1% 3309 ]| (» MECIEIRA I
25 | 10 3 .0 90 330 Lol 6| 17| 72| o2 o1} 00
? 2| 1 760 % 00 4Le00§ (D wis1jes] scjor] 9
3 | 123 2 .9 0 400 7,900 () 135 {119
] ° 2 LS 100 00 L] @ s e
6 |17y 2 e » 20 90| (» s0) 81194 08126201
7 | 0 3 L0 100 00 110 O 83! 86 J100] 9; 120 | 300
s | 20 2 .3 0 100 400, (3 &1l vajve] il W
] 1 | 400 3 68.9 5 1% 5,201 (D ™ 7] 01| 82| 02| 92
2 |50 2 6.8 % 100 00| (B sa] 71| 99| 74 m2)| o
3 |30 2 ©®.2 43 4350 |120007 (@ we] 78 [102] o9 |137] we
4 | w0 1 s 2% 500 ae| MECIIRATIRD
7 |20 2 6.1 15 430 sio0| & | o]or| seprnjie
s |3 1 64.9 0 s 66| (» s3] sa| 9| 93100 | 207
’ ° 1 L4 » 209 L3220} @ 63| 13| e6s] v0]es] @
0 - 1 6.3 2 425 saw| (@ 76! 94| 83|03 921110
1 ° 1 60.4 2 100 am0| @ 7] 95| s7{112}v08 [ 13
12 | 190 3 33.6 » 425 0| » 61y 61]/64]| 62)83] &4
13 {20 2 0.1 % 330 sg0| 9 or| 82| 91| s0|ws |03
1 | 200 ? 5.3 (30 400 | » 7] 89| 91] 99} 92|112
13 | 340 2 3.0 50 253 2860] (D njnjejrs|n]ea
16 | 0 1 6.8 400 4% 43%] » 73! 78| 84] 93
1 2 1 5.2 100 wo |20.:m0] (® 93| 103
18 | 4 2 3.6 2 100 830 @ 94 [102 {103 | 119 [120 | 243
19 | o0 3 330 2 90 790 9 7€ 13| 91]107 (107 | 127
o » 3 2.4 2 % 4930 (B IR IR IR L )
31 | 10 2 s2.4 150 0w [1740! (@ 9104
22 | s 2 36.0 20 W (18,0 (@ 03 | 112
23 {120 2 63.9 ] 100 (12200] (O 93| *2jnsn2hss |10
4 ] 9 2 56.4 2 0 40| » r9l1es | 06124 115 | 233
3 11 [ 66.8 100 200 [17,900; (&) 13311
2 | 4 1 66.1 2 so [17.95%0] (& » i
’ i 15 i 99,9 30 200 2,600 o3| 82| s8] seir02] 93
3 j | 3.0 50 100 290} MR IRIRIIEHRIE
4 |1 3 378 1% 330 40| (5 76] 81} 77| o8] w414
s | 100 ] 310 4% 30 7001 (9 54| 8 [101 | 02 fray Jans
6 30 2 49.8 100 20 320} (9 sT{ o rs] sajie| w
7 | ® 1 0.8 50 100 a2| (@ 106] 73
s | o 1 50,3 150 230 a0} 1 96| 93 [203 | 03134 | 220
y 33 2 34.0 %0 1% sos0| (6 |es]es 3|
1w | 8 1 5.3 % 3% 480 ss| % res ] amjr1e fune
1] a) 1 66.0 ” 260 L0l (1 |eo]|es ] @] e2| s3iwei 76
12 | w00 1 68.0 5% 450 20| (B 10] 9
13 | o 1 7.0 % 200 s200] » o] s |or] 1| 9] e
“ile 2 .0 30 150 L0l (® 03] e7]r0d] saj1ze|1ne
1 73 2 66.y 100 0 [mm2o0] (3 e8] 97
¥ |13 3 63.8 1% 450 anel e »
17 |1 2 6.3 2% 400 Lme| (D CIAGIKIRIBL
| w 2 9.0 100 3% s400| (9 m|
] 1 |20 2 50,0 3 200 29| | || njmi®w
2 o 4 aL0 230 330 | (B 6| 77| 92| s6]10: 100
* Prom Study A, (Cominned)
RNEERENFHAE 29




Thble 1 (Com'd) s

1
Layer Sweface Projectot[Recelver Prope- i i
Crulse ,&'“"1”0"5 :::' Temperatare | Depth Depth Range n:l’on 2.2 ke 8 ke 16 Ac 23 ke
(o °r.) G IO IR oot L ooy [ G [ o e
10 3 | e 1 43 0 130 1% | (1 81} 79| 93| s8j103] 109
4 |04 3 43.6 2350 4 4,980 m 6y 16| 90| 03! 90| 9¢ st
s |62 1 4712 50 2% M| () 6o sa| 63f | es] 6t - i
6 | 1410 2 48.9 300 300 4% | 761 77| 91} #sl100] 99 1
7 |.1%0 2 487 3 100 3,200 mn 73] 721 82 77| 83| as . '
s | 109 '] 43,1 2% 300 630 ]| 2] 80| 93| 90)i08] 107 : i
9 | 300 2 3.7 100 150 330 68| Y1 | 74| 73] 94| 90| 93] os -l
| 3 3 a1 10 475 4,730 [¢)) 64 77 £ 18] o1] 7] 63)17| 103
it | ese 3 47.3 L) 1% 1,340 tn 63] 63 | 61| 6 o] e j
13 | se0 4 33,3 S0 100 2,710 m 69] ¢y 83| o0 1
" 3} ] 9.1 230 230 3,800 (4] 72 81 | 04] 83( 76| 90| 84| 100 ;}
16 | 200 2 8.3 3 300 4,380 £ 671 13 | 9| 73] e6| wo[100] 90 s
1 63 2 9.9 30 30 3850 (n 8s] 76 [ Tvi 17 3] #3] 56| 92 i
16 | 163 2 0.1 400 %00 0] » 131 73 87 o1} 92| 9o d
n 1 0 1 2.3 S0 500 1,020 (1) s6| 61] 61 627 s3] ss i
2 7 2 .5 130 1v0 2,750 £ 731 9| 79| o6 89| 93 i
3 7 1 4.3 100 230 4,200 * (T 114} 102 :
4 1) 2 462 230 473 5,29 - (% 73f 81 | 211 83| @1 93] 59/ 106 ;
3 63 1 49.0 1% 300 2,660 F)) 60; 73 70( 76[ 73| wo] 01| s
6 0 1 30.4 250 47 4,730 (7)) 1 191 ] sl 9] 91 90| 103
7 20 1 30,8 0 430 s3I0 (» [ 93| 9a| 0sj113{ 123
[ 151 1 30.0 20 arn 3,890 (6) 05/ 83 1 96| 931110 110134 | 131 C oy
9 0 1 0.0 150 330 0| () 80t 75 | 79| 78| 89| 83] 97| 03 -‘
10 0 2 4.3 100 473 3,530 7)) 83| e- 18122 i
11 ] 1 49.1 2 230 u, 180 (&) @3] 89 1104|103
: 12 23 1 32.0 0 | 400 7,400 | (o) 107) 87 J108] 98 [110] 113) 241} 142
g T ° 1 39.0 20 500 | 35,540 't o9l 83 | 871 o2 ]101] r01{220] 129
| 1] 0 1 39.2 100 473 2,840 (2) 67] 73 { 2l 76 81| ot 921 9t )
13 40 2 320 20 a0 18,000 ) 93| 93 [107] 108
16 50 1 313 230 350 3600 [ (2) 811 85 | 93| e3)10%] 103|120 129
d 17 [ 85| 3 0.7 % 3% f1e2e6 [ )  [101] 94 [113] 100
18 90 1 sa.8 150 00 30| (» 82| 73 ] 84} 76| 84| 2|112] 8y
2i S0 2 61.3 190 n0 M| (@ 83| 78 ) 91} 83 [100] 89
12 2] 255 2 42.0 20 60 3,020 (D _ 92| %4
4 | %00 3 63.2 103 233 ano | (n a1f 00 | 75| 83 )104| e3lar7 | 10
N s | a0 3 64,8 n 478 3,200 o 78] %0 { 82] »3 ) 88| s2{107 ] 109
6 n 2 7.9 b} 303 5.480 | (&) 89|03 | 99} 133
7 0 2 8.9 2 29 %840 | (6) 94 ] 109
" 8 |80 | 9 7.2 2 231 8,760 | (3 - 94, 84 108 93 93109
: | ’ 280 3 76.0 11 251 12,460 A4) ' 96| ne
! o | b1 76.1 %04 308 3,680 | () sy 75 76] 76| 85| eo] 97 a6
| u 10 3 7 9 131 3,080 | (3 73( 73] st 77] w&| a3
X 12 ° 2 0.3 4 30 6w | (o 72 91| 99107
d 1B ] s 1 3] 248 448 309 ]| (» 63| 75 { 77( 77 82| w2} 09| 7
i i 0| 2 79.2 2 52 | sa0| 1] 99 101 133
3 15 100 2 7.3 2 20 70| (9 63 811 79) 82 sa| 90]114 ] 103 .
] 16 133 1 L2 2 S0 3500 | (9 51l i 7] 0
; it ] 30 3 7.9 50 102 7600 | @ 76] 81
1 1 0 2 .2 100 473 3,360 ¢)) 82| 73| 39{ 00 | 62] o4] 74 02 .
; ) o | 2 .3 ) st |10 (@ 81 % | selns .
| F 100 2 e Y] 300 1,006 | ¢3) 73| 83 9| 7|1y ma
J n [0 2 670 22 | 20 | 1960]| 9 12} 109
F 2 | 100 2 570 uy | an LI10] (9 87] 87 | 23! os {07{ t00{13c | 127
3 ¢ Frea Sady v
.

P T




bAoAt - ot 32

= oo g

B T T T

T T T T DI B T

¥
£

’
o IS S S A

Table 2

TN S ey wT Y TR vwww e, ¥ 0<%

PROBABLE ERRORS OF
PROP AGATION-LOSS PREDICTIONS
(AMOS) (2db)

22kc |8 kc|16 kc] 23 ke
Mode of Transmission
(Formulas 2 and 3, Study A) 63 [30[6&3] 90
Mode of Traanomission
(Formulas 1, 3, aad 4, Study A) 40 301 43] 30
Reciprocal Differeaces 33 125] L3 | 30
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STUDY D

TRANSMISSION BY WAY OF THE BOTTOM

by

M. Schulkin and W. H. Thorp

INTRODUCTION

The deep-water bottom-reflection data avail-
able as of January 1954 have been assembled in a
form which is suitable for use in sonar range pre-
dictions. No attempt is made to explain the date;
rather, the data are described in tetms of a model.
The model used is that of propagacdion by way of
the specular path, including an empicical loss at
the bottom. At grazing angles approaching 0°, the
behavior of the Rayleigh reflection coefficient is
assumed. At perpendicular incidence, scattecing
coefficients deduced from AMOS vertical sounding
messurcments at 2, 8, and 34 kc were used.

The most extensive sources of bottom-reflec-
tion data in deep water for the 2-to 25-kc fre-
quency range are AMOS Cruises NINE, ELEVEN,
and TWELVE. Cruises NINE and ELEVEN were
notable for their shallow surface sound chanuels
and low, direct acoustic fields at short ranges. As
continuous-wave sources were used on these two
cruises, the sound energy could amive by various
paths, and some discretion had to be used in se-
lecting date which arrived by way of the bottom.
For this purpose, the depth of the isothermal layer,
the decrease of the propagation-loss anomaly with
range, the consiancy of the field with depth, the
wagnitude ofthe propagation loss, andthe acoustic
frequency were all considered. On Cruise TWELVE
pulses were used with the result that it was fairly
easy to distinguish energy coming via the botrom.
Propegation conditions were generally good during
this cruise, however, and because only those si3-
nals which were less than 40 db below the direct
signal could be detected, data were limited to a
few stations.

All the AMOS data were assembled into median
values, and the bottom loss was plotted against
the bottom grazing angle in 5-degree intervals and
out t> 55 degrees as shown in Fig. 1. The geomet-

3zcea(‘wé

rical path was used together with the temperatur~
dependent absorption coefficients presented in
Stuu;, A in reducing the propagation-loss values w
"*bottom loss.”’

I order to curry the bottom-reflection analysis
dewn in frequency, underwater siten ruas from

-7 meiecpe o en
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Fig. 1 - Botiom-Loss Data from AMOS Cruises NINE,
ELEVEN, and TWELVE

AMOS Cruises ELEVEN and TWELVE were used,
Data were considered in frequency bands centered
about 1 ke, 2 sc, and 8 kc. Here again judgment
had to be exercised in distinguishing bottom re-
flections, since the source emitted continuously,
Bottom-reflection data, obtained by theNaval Elec-
tronics Laboratory during 1950 and 1951, were
also available for discrete source runs at 500 cps
and 1000 cps.® The medians for the siten and NEL
tuns are showe ia Fig. 2. The number of runs going
into these medians are as follows:

I These runs ate described by T. P. Condron and
R. W. Schillereff in "Long Range Sound Transmission
with a Sha'low Towed Sowce at 500- sad 1000-cps
Frequency,” NEL Report 323, 16 October 1952 (CON-
FIDENTIAL).
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Fig. 2 - Bottom-Loss Data from NEL Discrete Sowrce
ond USLL Siren

s AMOS Urderwater Siren-—-$ ruas at 1 ke, 4
runs at 2 ke, 3 runs ot 8 ke,

b. NEL Discre'e Source—~4 runs st | ke and 6
runs a: 300 cps.

Finaliy, botto s-reflection data? obtained by
the Woods Hole Oceanographic Institution at fre-
quencies below 1 kc through bomb drops were de-
tived for multiple-hop levels for enecgy lying be-
tween the limiting my and the critical angie. In
woiking owt the dets, all possible differences in
level were used from the WHOI plots of level ver-
sus R/N, where R is the range snd N is che order
of reflection. Values of N from 1 o 9 were used
The median values ofthe resulting daia are plotted
in Fig. 3.

These three sets of daim were studied for fre-
quency dependence by plotting median bottomrre-
flection loss against f equency fos the overlapping
grazing angle intczvals, 10° w 30°, 20° to o°,
and 20° to 50°. The reaults are shown in Figs. 4A,
4B, and 4C. I drawing smooth curves through the
points, the AMOS da:a were given the greatest
veight whenever a qu:stion arose. The svwrce of
the date is indicated by aletter W for WHO', N for
NEL, § for Siren (AMOS), and A for AMOS.

Plots of bottom loss versus graring ungle thea
were made, stagiag st 125 cps asd progressing in
octave steps. These are presented in Fig. 3. A

28ce C. B, Officer and J. B. Henacy, “Soued Teene-
mission from Deep to Shallow Water,”” WHOI Ref. 53-32,
August 1953 (SECRET).

-
&>

100 — 200 CPS
80 —100CrS
[
0 0 20 30 40

NRAZNG ANGLE WITH BOTTCM, N DEGREES

Flg. 3 - Bottom-Lcss Doty from WHO! Bomb Dreps

plot was almo made at 25 kc for convenience. The
poiots a¢ 90° (vertical incidence) were obtained
from a previous aaalysis? of the AMOS vertical
reverberation and boctom-reflection expeiments,
The pulse-length dependence showa in dhe seudy
indicates atendency toward a leveling off at lower
bottom-loss valucs with greater pulse lengths. The
pulse data of AMOS Cruise TWELVE also shows a
tendeacy towsed lower levels for shorter pulses
(Le., 1/2 sec as compared with 1 sec).

Probable ertors of the poiats about the curves
in Figs. 4A, 4B, and 4C wete computed med com-
bined with the probable ewvors of the plots in Figs.
1, 2, and 3 in order to obtain the over-all probable-
efroc cwrve versus frequenacy showa in Fig. 6. Fli
nally, s plot of transmission loss versus bori zoatal
range is presented in Fig. 7 fur an average water
depth of 2000 fachoms and average watcr tempesss
twie of 36° F. for the four frequencies indicated.

THEORETICAL COMPUTATIONS

Theoretical computstions on the basis of twe
simple models were made in ocder © obeerve some
dependencies of reflecdion coefficient sa boctom
property aad bottom structure. la one case com-
sider plane acoustic waves in ooe infiaite, bomo-

3gce D. L. Coie, J. P. Kelly, asd A. V. Dastusns,
s'Yertical Reverberation and Bwtom Sireagth Measwre-
meats - Evest SIX - Project AMOS,” USL Techaical
Kemoreadum No. 11001433, 15 Mey 1933 (CONFE
DENTIAL).
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3 l €ig. 8 - Royisigh Theoretizul Bottom Loss H
’3 A vs. Grazing Angle (p, ¢ constont) ;i
| e < ¥
/V‘ geneous, fluid medium (sea water) impinging co { :
o A the surface of separation for a second infinite, ho- P4
"" § mogeaneous, fluid medium (the bottom). Inthe second ]
| ] L/A casc consider that the bottom is composed of an :
§ g . absorbing fluid oveclying & hard, perfectly reflect-
El iag surface. !
Vs d 3 In the first case the Rayleigh foimula for the o
i}’ 1 energy reflection coefficient is: ]
d 2
{ 2
H / { sin 6, - V1 = cos20_(c3/cy)?
b % Rg = il e 2.
¢ r — . ¢ sin 0, + V1 - co82l,(cy/cy)? 4
J ] ' =10 5C where
FREQUENCY IN KC
Fig. 6 - Probable Error in Bo*tom Loss vs. Frequency 9, = pzing angle with bottom and
1 { =paca/picy-
:«\ LT T | TI1 T1THFTTT Here, ¢y is complex and c) is the speed of sound
“ WATER UEPTI 2000 £ M/ 11 in sea water; then
; U1
J J’ - : 1 c2 = |cg| (cos @ —1 sin $) w |eg) ™',
: 1 ] [ LA o
?‘ ” ;AL‘ r,{——“"” 1 In Fig. 8, the reflection coefficient iz piotred
. 1 R 1 UVITTT  agaiast the graziog sogle for a number of pbase
H _‘)'_,4./"' 1L L] magies, &, for the soundi speed 'in the boftom. For
! - , B _ the purposes of calculation, typical dzusity rades
P OO P g ] -
vl 1 St T of pa/py = 1.3 and for |{] = 1.555 were ured. The )
H i g { 1| ouin features of these curves sre that (1) when the
Hi " ' : ase angle ¢ is close 1o zero, there it a critical
; . | 5
' 'y 5t~ angle of about 34® for which there is toca! re-
: FANGE W5 kYD flection for all grazing angles up to this valve; (2)
E' Fig. 7 - Tronsmission Loss vs. Ronge for for grazing angles of 5° sad 10° the reflection co-
¢ Bo/tom-Reflected Transmission efficient decreases continuously in the “‘region of
¢
}
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toral reflection,”’ Le,, these is no region of (ote! flecting sediment which will sccentuate the behiviue {
L reflection; sad (5) as the phase engle increases shovz 2 cerisin frequency. There in some re:on
from 307 20 90° (b2 reflectisr coofiicient inproves to believe chat this last model ias some pbysical
steadily and the graziny angle depenience for each  justification from studies of deep ses sedients.d .
phase angle is coatinuous, 5

In Fig. 9, the phase sngle is kept fixed at 10°, if & plene wave is incident on a bottom com-
and the variation of reflecting coefficient with  posed of a sound sbsorbing layer of thivkness, D,
sound speed mtio is compated for diffcrentdensicy  overlying a kard, iafivite wedium, thea it cas be |
ratios. It may be seem that the better matched the showa thot the ampiitude reflection coefficient is :
two media are, the poorer is the rellection coeffi-  givea by: '

A Brr e egems T

1 cient. The pupose of corputing these curves is

E'! to find the actual magnitudes involved. it may be Ra =

i seen thet the previous model duer wot show the A

; wain features of the obsery:d reflectiom coetfi-

b ciert da cacept st very iow frequencies, flill I~ V1 ~(cz/c1)% cos? )i tan D sialy/cy) o
" As the higher frequencies, ticve is mn jacresse 2l 8) + (VT = (371 )7 cosT ;) (¢ tan wir sin 6/ c3)

;! : in reflection coefficicat at greater grazing angles

;‘ that aceds explaining. The shepe of the reflection wherc

- -

coefficiert curves at higher frequencies may be
sccouated for is various ways, For example, it sin 0, = T = (cz7c;)¥ con? 6;.
may srise fiom a predomieant speculwr reflection
at small prazing sagles sod « predominant scat-
teving effect ot Ligh srarieg ungies. Awother pos- $See TaMe 121, p. 1039, of The Ocewss by H. U.

albility is thai ia the deep ocean a souad absotd-  gyerdrp, M. V. Johnsse, sad B. H. Flening, Prestice~
ing sediment laver oveilies s harder, perfretly re-  Hull, Ioc., 1942,
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PLOTS ARE FOR EQ. (:
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FHASE ANGLE OV XLMD SPEED RATIO

PFOR TWO LUK ¢ = * ™
MAGNITUDE OF DENNT Y RATIO WTH
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Fig. 118 - Second Fluid Thickness = 1 foot

For che purposes of computation,
¢ =29
C) = 5000 ft/sec,

C2=Cy~iC;=\/Cl + Cf €'P, and

|Ca] = Cy/cos ¢.

In Fig. 10, the square of the absolute value of
the reflection cocfficicot is plotted against grazing
angle for various products of f aad D. These are
eeplotted in Figs. 11A, 11B, aad 11C in terms of
reflection loss in db. It may be seen that the shape
of the curves and order of magaitude of reflection
loss at the higher frequercies are suggestive of
the average measured bebavior. At the lower fre-
quencies the simple, two-fluid model computations
in Fig. 8 look like the measured curves in Fig. 5.
The computations are merely meant to be sugges-
tive of pos .ibilities cather than e be applicable
to the daes
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LATERAL RANGE CURVES FOR
HULL-MOUNTED ECHO-RANGING SONARS'

by

M. Schelkin and R. A. Spong

INTRODUCTION

Lateral range cwves ore included for hull.
mounted, echo-ranging sonars at frequencies of 25
and 10 kc under various environmental conditions. ?
A discussion of sonar figure of merit is presented,
together with typical values for the various sys.
tems used by the Fleet. The use of such lateral
tange curves in search and screening operations is
considered briefly.

LATERAL RANGE CURVES

A number of sets of [ateral range curves (see
Figs. 1 and 2) have beenprepared for use with hull-
mounted, echo-ranging sonsrs at different frequen-
cies. Curves at frequencies of 25 and 10 kc are
included in this study. The curves apply to deep
water off the Continental Shelf.

A lateral range curve is a plotof the probability
of detecting a submarine which is moviag in a par-
allel track with respect to a sewrching vessel,
against the track separation. Such curves offer the
tactician a basia for establishing reliable tactics
with respect to the sonar situation. A screen tom~
mander may choose between alternative tactics by
determining the level of probability of detection
associated with a given ship positioning, The
curves may also be used in working out force re-
quirements in convoy routing.

Each set of lateral range curves bhas been pre-
pared for & specified frequency and is to be used
for equipment at that frequency. Ia using these
curves, that set of lateral range curves is selected
which applies most closely to the existing envi-

1'This seport was issucd originally as USL Tech-
aicsl Memorendum No. 1110-018-34, 1 July 1934 (CON-
FIDENTIAL).

217%he origisal memorandwm included lateral raage
curves st 20 and 14 kc.
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roumental conditions of temperature and lsothermal
layer depth. The curves for L = 0 are for negative
temperatute, gradients starting at the surface.

There are twe columns of three curves on each
pege for the indicated isothermal depth, L, in feet,
water temperature, degrees F., and sea stace 0-2
The dashed tails which are present on some of the
curves apply to the elfect of sea states greater than
3 on sonar system petformance, Cwves with no
dashed sections can be used for all sea state coa-
ditions. One column of the page applies to a sub-
matine atperiscope depth, 50 feet; the other column
is for a submarine within 500 feet of the surface,
its best depth for avoiding detection. The sub-
marine depth is indicated by the symbol Z, and its
value is listed next to the layer depth value. The
curves sre jabeled with figures of merit in db. A
change in range scale was found to be coavenient
to use for the decper isothermal layers.

FIGURE OF MERIT OF ECHO-RANGING SONARS

M the figures of merit of hull-mounted, echo-
ranging sonars bave been measured as afunction of
range for specified operational conditions, then a
complete Isteral renge curve may be found from the
curves of this report,

The figure of metit of an echo-ranging system
is the permissible loss of the system uader a given
set of conditions and is the difference between the
power source level, in db//1 ub st 1 yd, and the
operationsl minimum detectable echo level, ia
d//1 ub. In order to determine its sonse figure of
merit, a ship performs operstional mencuvers at sea
while ao artificial echo is inserted at am acbitracy
range and bearing. While the sonarmen is wsing
stenderd search procedure in locating the target,
the level of the artificial echo is increased at &
tate corresponding to the closing of ramge between
the target and the searching vessel. The back-

- e b ol
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ground of noise and reverberation is the actual in-
terfzrence against which the sonseman would have
to work in locating a real target.

Typical measured values of the figures of merit
of vatious sonars are shown in Fig. 3. Here the
average figure of merit of the QliBa sonsr is plotted
as a function of range. The data were obtained on
27 destrovers in 1951, lu addition, figure-of-merit
plots of other sonurs on individually specified
ships are given. it was found in this lavestigation
that the figure of merit did not change with higher
sea states through sea state S. llowever, quenchiag
of the sonar and rolling of the ship reduced the
probability that a signal would insonify the target
and that the resulting echo would be detected..lt
was also found that sonar operators have a psycho-
logical tendency to work with the gair tumed dows

too low, affording a dark backzround beyond the

range of reverberation effects. Considerable im-
provements iu detection range can be achieved by
turning the gain up to the point where noise speckles
just begin to appear at the greater ranges on the

scope.
USE OF LATERAL RANGE CURVYES

There is ¢ well-developed theory for the use of
lsteral range curves for search and screeniog opera-
*ions. The range measure usually considered in this
caanection is the sweep width. This is the area
».ader the ~wobability cutve or the effective width

e —m——t——
. ———— e e . .o
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of the rectangular area swept by the antisubmarine
vessel in searching operations.

The iateral range curve ir a very flexible pres-
entation of the range perforn.anc: of a soner sys-
tem. The spacing betweea ships of a screen may
correspondto ahigh level of probability of detection 7
when a tight scceen is required, or to a lower level ;
of probability of detection when a loose screea is
desired.

Lateral rangz curves may be used to plan force
requirzments in coavoy ot bunter-kitler group opera-
tions. The relative performance of diverse souars
according to frequency, power, nod detection sen- i
sitivity may be taken i::z0 account in these plans. :

The beat search speed for at=a coverage may
be determined by plotting the product of the sweep
width or & range cresponding to a given level of
detection by the skip speed. Since the figure of
merit varies with ship speed, it will be found that
the product may have a maximum value at a gives
speed. This will be the best search speed for the
individuai ship. The b:st seaich speed way vary
from ship to ship, and one may decide to use the
best average speed for all ships or employ some
tactic which takcs advantage oftbe sptimum search
sp ed for individual ships.

The curves may also be used to determine the
optimum keying interval. I envirommental or opera- !
tional conditions sre such that poor ranges are
achieved, theu & more rapid search out to & shoeter
range is advisable.
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Tuls paperpresents evideucr which shows that
relisble moge predictions can be made by using
Hgur=cf-ncrls measuwments,. available tergee
Jstrengith izformative, end Project AMOS propags
doa data. /4 compatisca of expected cunge perform-
aonce for hull-mounted and variable-depth sunars
undet uniform condicions is included, Lateral range
curves based on the YSI. mny: prediction methoda
have been usud successfully i conmy-eaccn:
screen design,

For sovaua! years the Underwater Soind Labo-
tatry has been oltaining equipment figure-of-merit
mecsurements aad astociated detéction ranges on

. difievent types of echo-rangiag sonars. ! In recent
sntdsulmasine warfere de selopment exerciscs (Az
DevEx-l) additional data of this type wese obtained
under identical cavironmental conditions. As a re
gult of diese 120 splieres of experience, tie Labe-
xatory is in ‘e position to prepurve lateral range
curves and to o mpute sweep widths and expected
ranges foz systerm design andtectical applications.

This paper presents evidence which shows
that reliable range predicticus cac be made by
using figure-of-inerit messurements, available tar
getstrength ivform~don, and Project AMOS propa-
gation data. Also included is a compwrison of ex
pected range peformance for hull-mounted and
veriable-depth sonars under uniform conditivas.
The three factors used in prrdicting scnar range

petformunce, namely, equipment figure of meit,

1

3

t - -

;J 1 This program has boea documented in sevzend USD
y

ENESR kA PN, R T N~

teports, ' See M. Schulkin, History. Developmens, ana
Present Siatus of Project AMOS (Acoustic, Metaorolog-
ical, cmd (Oceamographic Swrvey), USL Repott No. 132,
p 20 Aprll 1931 (CONFIDENTIAL); H, W. Massh, Jr., and
3 M. Schulkin, Repon ow the Stains of Froject AMOS (2D
i . April - 31 December 1951), USL Report No. 147, 19 Feb-
y reary 1952 (CONFIDEN(1AL); M. Schnlkin, F. S, White,
. 3., and R. A. Spoug, QHBa Figsre-o/-Mcris Tests, USL
! Repors No. 187, 3 April 1953 (CONFIDENTIAL); #nd H.

W. Marsh, Jr., sad M. Schulkia, Report cu the Status of
! Project AMOS (I Jeastry - 31 December 1952), USL
! Repoet No. 188, 3 April 1953 (QONFIDENTIAL)L

STUDY F

COMPARATIVE PERFORMANCE OF i“CHO-RANGING SONARS

M. Schulkin, R. E. Beline, and R. A. Spong

target streagth, and propagation loss, will now be
discussed in that crder.

The tigure of werit of an echo-ranging system
is the permissible loss uf the system under a givea
set of conditions in obnining detecuion and is the
difference be:ween the power source level, in
Jd%//1 ub ot 1 yd, and the operaticnal minimum de-
tectable echo level, in db//1 ub. In oxdox 02 deter
mine its soum ligure of merit, a ship performs
operational maneuvers st ses vhile an artficial
echo is inscrted at un sebitrary range sod Lessing.
While the sonarman is using standard search pro-
cedure in lncating the “nrget, the le vel of the md-
ficial echo is incrzased at a rate corresponding o
the closing of range betweea the target and the
searching vessel. The background ¢l goise and
teverberation is the actual interfrreace apaiast
whirk the sonuman would bave to wotk in locating
a real target,

Table 1

FIGURE OF MERIT OF
QHEa ECHO-P ANGING SONARS (23,5 kc)
(Noise-Linired Couditions; Ship Soeed 15 kuote)

—~ e -

Nausiiuliodus 1 i noddi PATTCP RN 1 B RIS TS

Sourc 2 Minimum | Figure
QB symen | Ly | Doece | et
(db//1ub) | (db//1pub) (dl:)___
Avernge (1951) 107 -24 48 131 28
CREENWOCDH 106 1523 121 23
MALOY 111 31 7 142 ¢£7
Tri~P=am, MALOY | 113 37 :6 162 £6

Table 1 presents the figure -f meriz of QHBa
echo-ranging sonars at 25,5 k&c.” The svuats ase
noisc-limited, ead the ship speed is 15 kaots, The
lasc column !sts the figure of merit, vhich is the

1The figure-of-merix measuremcats reported la thin
paper vere bbtained by the following USL staffil mes-
hi* F. S. 'l'.ile, ’\'-' w. B. B‘l’l". ,f\. R. F. W]
ond G. T. Adkins.
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- Toble 2
FIGUKE OF MERIT OF BOK-RANGING JOM1ARS
(Nolse-Linired Conditinas Ship Speed, 13 kaste)
| Sewrce Mialnan Figere
Prequeacy Lovd Detectalo of
Sysem (ko) -ipd Ecte Leval [Py
(SW/ 1) L ar (e
5QG-11 (NAWMAN) 3.5 112 Dy K¥%/ 13227
(O'BRIEN) 13 112 -2 26 1% 26
SQs1 (VMILKE) 4.0 12 022 4223
SQS-4 (WMTEK) 140 i 14 146 24
{(KRALS® 1490 117 -31¢9 153 29
- ._S053 (WMTIEX) 0.6 120 27 27 547 27

difierenrr between the source leve! and the mini-
mua detectable echo level obtuinmed wndor opere-
tiomal conditions. The averrge figure of merit
based on 27 ships is shown ox dhe first line. A
pont zystess on the GREENWOOD and a zood sys-
tes n the MALOY are also shown. The GREEN-
WICD is 9 db poorer than the average in mininum
detectadle echo level, whereas the MALOY has a
%-db-better source level agd a 7db-better minimun
detectablc echy lewel. ‘Toe Tr-Bean udification
uses three beam3s on wransmitting sad speeds op
the sudio rearch cate, thus achieving ¢ lgure of
merit which is 30 db better thaa the average.

In Table 2 the figure of merit of sorar systems
at oder frequencies is showa, The SQS-11 is e
sendally a higher-powered QHBa vitha 5-db-better
. sowrce leve! and, heace, a S-db-bewer figure of
merit, The SCS1 has gained approximscely 10 db
throngh an improved sowrce level. The SQS-4 at
14 ke achicves its high fgure of mezit through s
higher Jource levei and a somewhat lower opera-
tiooal minimum detectmble echo level; the ships
shown here are bulicved to de wpusually quiet. The
10-ke SQS-5 also haz a high source ievel. It should
be repeated that since che figure of meric is the
permissible loos in achieying detection, s low

= Ln AR
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frequency system will obtals a gremter mnge than
; thes of a higherfraqucacy syetem of tha same fg-
A are of oerit, This Is 20 becwuse the propagatica
: 1208 In the Uateris greater the higher the frequeacy.
Y Tasget strength is the secoed fucewe ased for

raage prediction computations. The cerve shown
in Fig. 1 is « composite of data obuined ot 3~
proximately 25 ke tivough Froject MYSTIC and by
the Colurbia Univezsity Divisios of Wes Research,

-
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Fig. 1 - Submciine Target Sirongth, ot 25 ke, vs.
Subrerive Terget Aspect
(Preject MYSTIC end TUDWR Date)

The meager dats reported s lower frequeacies e
sot i disagreerent with the informmtioa in Fig, 1.
The tirget stvength is seea w0 be 25 db at bean
aspect and 9db st bow aspecs, There is a stuadincd
deviuiion of 13 db at aay particulse aspect.

“The third factor usedin piadiction of g is
peopagation loss.’ Propagation losses are cim-
gwted from the frrmulas and chasts dedived G o
rummary of the extecsive Project AMOS moroare-
meats. Approximately & quarterof a willicof iese
werswenents were made. In the smalysis ol the
messurements the folluwing we-e found s e the

SA semmaty of the pupagtiesisss smalysle le
siven by B W Marsh, Jr., und i Schalkie is Srrdy Aok

this zapert,
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sigaificant faceurs: (1) depth of isothermal surface
layer, (2) watet temperr. wee, (3) sea state (wind
force), (4) depth of axis of deprescid souad chan-
nel, (5) deprh of oceua botiom, (6) renge, (7) depth
of sowrce, (8) depth of recelver, ead (9) acvustic
irequency. Frequencies of from 2 w 23 kc were
covered for various source end receiver depths
sad raages.

A definie model of the oceax was used as a
framework for che Jats saalyscis. According w this
model, several modes or propagaiion petis deter
mine the loss under any givea setof circumstsaces.

In Fig. 2, underwater sound propagation aooes
associsred with aa isothermal layer and thermo-
cline are sketched. On the left is the BT trace.
Zone A is the cegion where energy from a source,
say, at point [ or 1 , teaches any other point by a
direct path, Energy ceaches Zooe B by way of at
least one reflection fiom the sea surface or by dif
fraction from Zone A. Siamilarly, energy reaches
Zoae C through two ot more surface reflections and
diffraction from Zowue B. I: Zone A the energy inmiti-
ally follows a spherical spreading lav. By thy dere
the conergy reaches Zoae C, the spreevling is cy-
lindrical. Two other modes considrred quandiuor
tively in this model are piupagation by way of in-
teraal chanmnels and propagation by way of bottem
teflecton. (he {requencyJependence and tcmper
atwre cffects on absorption have also been mken
into account.

A sample set of one-way propagatica-loss con-
twcurs is shown in Fig. ). They hare been drawo
for s frequency of 8 kc, 2 projector depth of 50
feet, and envimnmental conditions consisting of a
100-foct layer depth, a tempecature of 50° F., and
a (-2 sca state. The axes are receiver depth in
feet against range 1.4 kiloyards, At any range these
rurves will yield propegation loss as a functiou of
depth under tie specified condiciuns. Such basic
charts also are available for other frequeacies aad
trnsducer deptha. In order to obtain propagation
lusa at other layer depchs, temperatures, and sea
status, corvection chares are used.

‘The ultimare test of any theory or prediction
technique lies in a satisfactory comparison o
measured and predicted performance. Coaparisons
of this type are given in Figs. 4, 3, and 6. In Fig.
4, each point represmite the median of a group of
bomogeneous data with respect 10 envircamental
coodidons asd target depth. Each group was ob
taived from a series of lateral raage runs or paral-

| CONRDERTIA
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g / f//J 4
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-
s a '7 // FRPQUENCY: § %C 1
FEROJECTOR OEPT: 80 FL
I- Jd. 4] iaven serne w00 FY.
TEMPERATURL ' 50°¥ "‘T
A WAL 0—~2

Fig. 2 - Underwater Sound Prapagetion Zenes Assssiated
with testharme] Leyer and Thermecline
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Fig. 3 - Propegation-Less Contows {(AMOS) in db
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MEASURED RANGE IN KYD

Fig. 4 - Comparisun of M -asured and Predicted Renges

(P+ints Represent Nedians
of Hemogeneevs Date Greups)
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Fig. 5- OpDevFor Evelvation Dete (1953) for SQS-4 Soner,

togeiher with USL Leturel Renge Cwrves
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Pig. 6 - Comparison ot Meesured end Pedicted Ranges
{AsDevEn1) {(Peints Repreosmt Mediens of
Hamoganesus Dete Greuns)

lel sweeps with the destroyer moviag at abost 1%
knots. Rns were stacted atdifferent lnceral range 3,
saddetections were made st diffecent actsal mnges
smd iarget aspects. Although most of the data
plotted are for 25.5-kc systems, rhere was a Incge
opread in (Igeres of merit, propagation coaditioas,
and tagget depths and a~pects. The dashed line is
che locus of perfcct agreement. The opea triangle
for the SQS-4 and the closed triangle for o Tr-
Seam system do nct caerespoad tothe same eaviroo-
mental conditinns.
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The Operational Development Force has pub
liched operational evaluaton data’ jor the 14-ke
SQS-4 sonar sysiem as installed abcard the WITEKX
in 1953. In Fig. 3, the points shown for probabilicy
of detection were obtained "y dividing the number
of successful parallel sweeps at a given range
and target depth by the weal oumber of runs at that
range. The USL prediction method has been used
to compute Jateral range curves for comparison
with the measured poiatr, Two groups of points
were plotted by OpDevFor. One grour was de-
scribed as taken under mired-layer conditioas with
the target above the thermocline. The other growp
was obtained for atargetin a moderate thetmocline,

Upon examinadon of the original data, typical
figures were derived foc the enviroamental coandi-
tions and tacget depths tor eack group of points,
For one group a 70-foot isothermal layer and a 50-
foot or periscope-depth tasget seemed sppropriate.
For the other grovp, a 50-foot isothermal layer and
a 200-foot target appeared w be the typical fig-

ures. The theoretical curves and measured poiats °

are in agreement if the figure of merit used is (be
alerted value of 165 db instcad of the unslerced
value of 147 db. Informution received indicaces
that under die conditivns of the repetitive iateral
ragge tuns, awarcness of the target deasing is to
be expected.

Figure 6 compares predicted and measnred per
formance ard conzistu of data obtained on.the very
tecent anticobmarioe warfure develcpmeant exer
cise, AsDevEx-l. la this excrrise, a convoy escort
screva was composedof s 10-ke SQS-$ soaar aboard
the WITEK, a 14k SQ5-4 sonas aboan] the KRAUS,
a 24-kc SCS-1 sonar aboard the WILKE, & 25.%kc
SQS-11 aboard the NAWMAN asd the 0°BRIEN, and
a 25.5-kc QHBa aboard the GREENWOOD and the
COOLBAUGH. The ships were under the command
of CAPT S. D. B. Metrill, who furniched the range-
perfocmance data and the associated BT informe-
tion. The submarine target aspects were obeained
from rapge recorder traccs. The target depths are
sot kasown st this time. However, the pairs of
points shoma in Fig. € at a given range are plorted
for each system for pesiscope-depth and 200-foot
tacgets. Two general types of envircomental con-

4 See B alvation of the AN/SQS-4 Souar, final report
er Project OP/529/568, propared sud submitred by
Commuader Operatiosal Develapment Force, 7 December
1933 (CORFIDENTIAL).
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Table 3

EXP ECTED RANGES (KYD) OF ECHO-RANGING SONAR EQUIPMENTS
(Sabmarine Target at Rnadom Aspect)

Figare }Hull-Mousted VDS (123 f1)

Syst Frequency of Shallow | Deep sllgw | Deep
stem (kc) Merit | Target | Target | Target | Tacget

(db) (kyd) (kyd)

QHBa Steadard 3.3 131 L7 L3 23 L?

Tti-Beam 25,9 151 8 20 32 24

SQs-11 223 138 20 1.5 2.4 L8

24.0 142 22 L8 .7 20

ses-t 2.0 2 | a6 | 22| x2 | 24

SQs-4 14.0 147 Al 28 | 46 34

SQs-3 1.0 My | so | 30 | s7 | 39

Coaditions
Shir Speed: i3 ke Leyer Depth: 100 &

Warer Temp: 30° F.

Sea State: 2

ditious were encountered, namely, 70-foct to 150-
foot isothermal layers and 0~ o 30-foot leyers. It
may be zeen that the lower frequency systems
have & wremendous range advantage in the deeper
isothermal layers, Uader negadvegicdient and
shallow-layer conditicus, where downwacd bend
ing of rays is important, both types of systems
scem to perform equally well with tespect to range
perforuance.

In order to compare syztem performance, the
prediction technique may he uzed o compute ex:
pected ranges for all the sunars under the same
hypothetical envircnmert. For ‘his pu;pose, a 100-
foot isothermal iaver with 50° F. water sad Sea
Sezte 2 hicve beem considered. In addition, 10 Jb
were added to the figure of merit of a hull-mounted
scaar © provide an estimace of the figure of merit
of ma equivalent sousr at 125-ivct depth. The iw-
provement in xange showa in Table 3 for the deep
sonar is due w0 =a improrement in noisc level
ratber thea prupagntion losc. The figures of merit
for the bull-mowated svasrs are ulso shown in
Table 3. It should be woted that the sanee figare
of merit a: different frequencies results in 4 ranige

advantage a: the iywer frequencies. For this pur
pose the data for the 10- and 14-kc systems and
the 20- and 24-kc sy stems should be examined, A
range udvantage of approximately 2 w 1 can be
realized by an equipent at 10 kc over one at 25
kc with zae sarae figure of merit.

In conclusion, figure-of-merit measurements,
targeesirength daw, and the Project AMOS propa-
gation analy.es appear to be valid in predictiog
rarges for sonmus under variouz conditiona. P
dicted and measured ranges have been shown to
compare fa~orably. Wh~n such ranges are com-
Juted, it is found that for different sysi:ms under
the sasme environwental vorditions, a l)-kc sys-
tem can achieve aporoximately (wice the range of
@ 25-kc system having die same figure of merit.

It is of interent o note that fateral cange
curves conputed by mears of the USL prediction
technique played an important role in the recect
AsDevE:rl exercise, Using these cutves as a
basis for convoy-cscort screea design, CAPT Mer
rill achieved an unusual record of submarine de-
tections, f.c.. st least 75 per cent of the oppor
moities, subject to the umpire’s {inal decision. -
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EXPECTED OPERATIONAL PERFORMANCE
OF ECHO-RANGING SONARS AT 8 KC AHD 14 KC

by

M. Schelkin end M. R. Powers

INTRODUCTION

This analysis concems the prediction of ex-
pected ranges for 8-kr and 14-kc, hull-mounted,
echo-ranging sonars, Such souars are cumenily
being installed aboard Fleet destroyers under the
SQS-4 series. Range performance calculations have
heen cactied owt for four figures of meric (140 db,
130 db, 160 db, and 170 db). The equipment figure
of mesit of an echo-ranging sonar is defined as the
difference berween the sonsce level and the mini-
mum-deteciable echo level.

Previously, a simifar analysis of AMOS propa-
gotion-loss data was applied at 5 ke end 10 ke for
various BT code classes for (hree submedne oper-
stional depth intervals.! Since tha time a more
complete ond more detsiled study of underwater
mound prupagacion has been compicted. ? Since the
date of the oziginal repott, there ba  slso been &
more specific requirement for information on ex-
pected range performance o the 8 to 14-kc region
for the SQG-4 scsar, The present study rupersedes
the information previously reported. o purtivoine,
bottom refiection parhs have bren Sound o be less
importapt than was thought to be the cnse.

QOMPUTATION OF PROBABILITY OF DETECTION

Probability of detection was computed for a
hull-mounted sonar fcs layer depths of 16, 64, 196,
sod 625 feet for the averege surface tempematerr
for esch oi four months of the year in the region
10® N to 40° N latirude. These probabilities were
computed for shallow (49 ieet) nnd deep (484 feet)
submarine targets. T he probability of detertion in
defined as the percentage of time that the echo-

p———

1%ee fppendix B, USL Repott No. 188,
18¢ce Study .\ of shis repert,
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signe] excess is greacer Wian or equal to x2zro. The
cemputation of the echo-sigaal escess & saibution
requires a kaowledge of the statistics for prope-

gation loss, sebmarine targe: strength, and equip-
ment figure of merit,

The present computations sre beszd en the
snalysis of AMOSpropagation dsaisio dependence
on layet depth, temperatwre, scs state, projectac
depth, receiver depeh, range, freguacy, md water
depth. (2 addition, empitical bstsom-loss dats were
used, together vith a model ol specriae reflection
psths, in order to compute the empeciad prepage
tica loss {or this mude of propagsiion.

The medisn targec sireagth for 6 ssbmarine o
randm aspecy was takes as M db, s valwe which
is in agrecment with the present kvowledge of sub-
marine target strengths = 16 he sad 23 ke. The
figure of meri? was comsidered o be & parameter §2
computing expected ramge cwrves. Fomr differers
values, namely 140 db, 150 &b, 160 &b, and 170
db, were used, On the basis sf previsus empesienc ¢
with similar operational cmalyses of QHBa wd
SQS-4 ecbu-rangiag somars, 12 db was token as the
expected ver-all standerd deviation, axd che o g-
nal excess wes coasidered oo be sonaally dise b-
reed,

Samplz curves of resulting probabilicy of dev re-
tiva versus range are shown in Fig. 1 for § ke «d
in Cig- 2 for 14 ke tor the shallow snbaacioe of v
ating depth and for figwes of neddt of 140 db md
170 db. A: these frequeacies, {: may be scen (hat
bottom-reflected schoes may become important for
negative soand-velocity-gradiems coad'tions, enpa-
ciully when equipment with a figwre of werit of 170
db or greater is woed. A weter depth of 2000 fm
and sm average tewperstwre of 38° F. over the
depth of the ocenn were used in these compute-
tions,
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§ N \‘,;_}_ T o e | 30° N to 40° N beyond the 100-fathom line wos
& N, N t::r'”z made. About onz-third of the cards in the USL
t TN o ﬁgfﬂ Nocth Atlantic Eaviroumental Dacs [3M Card File
vel A A O O I SN Y O O fall in this regica. This compiluzion could ilen be
E \ \N 5 O S B *E\.E',m coanidered a representative sampling of the opzre-
; S ANl ERL ] ]  tonal eaviroament within which eviipments uader
‘g BN \}\.L , ) | ! 4 cvelnation are expected to purform. A tabular sux-
| |3 R YRR =R . mary ¥ these statistics is given ia Table 1.
. “YLT— e EXPECTED RANGE AS AN
| ' OPERATIONAL SONAR PARAMETZR
Fig. | « Prebalility of Detoction ve. Runge for
Skc Echo-Renging Systoms Computations of piobability of deteciion were
. mnde for Gized ranges of 3, 6, 12, and 18 kyd fox
, §T eack of the classifications considered. For the par
! ¥ pose of classificaion, 0- © 36foot layer depthr
: ! were assigned a value of 16 feet for compwmation
. of probability of detection; 36~ w 144-foor layer
, E depchs, the 64-fsot value; 144 o 324-fvot layer
q depths, the 196-foot value; and grester thas 324
] foot layer depths, the 625-fout value. The expected
peobability of detection was then obtained for each
g I O A of the fowr typical months of the year by weighting
Peg JLotes) | the probabilitics ia each class by the frequency of
v e % sccwreace is this class. Whenever the probabilicy
of detection fer the bottoms reflectionpach exceeded
Fig- 2- Prabobility of Detection ve. Runge for that of the discct path Soc aay class, its vaine was
, 1oke Eche-Ronging Systems wed and weighted by te frrquancy of occureace
] of that envikcamental class.
i ENVIROMMENTAL STATISTICS OF The sspected range was thea oleeined os that
! ATLANTIC OCEAN AREA, 30° N TO @° N range correspoeding wo at least 30 pry cest weighted
! probubility of detecties. This wos dose for each
A cempilatiss of the mesmthly fequency of ec-  weath for scovotic freqrzncies of 8 and 1 kc, for
cumence ¢! variows layer dapthe, sen states, and  figwes of acri of 140, 150, WO, and 170 db, asd
tomperatwes for dhe Nesth Atlantic Ocsua regiss  for shallve asd deep epearativunl subamcrine-d~pak
: Yalin 1
v’ STATISTICS OF ENVIRONSENTAL CONDEITIONS, NORTH ATLANTIC AREZA, ¥° N TO 9°N
] Loy Jooma npall Juby Oceober
Depeh oe Base $oa Soase — Sen fraee Sce Stase
" -2 23 2 >3 T2 23 -2 >3
>3 m 111 a3 1% 1B 34 b >4 12
: >3- 144 " » s | | wes | we m | »
>H6334 L J 431 L J ws 161 ns 199 1207
>34 66 bl ) » m t 2 » »
u n» 1993 > b o] 4 1343
Me i Susiece Dl 2 “°r. . 13° .
Tempesasuse
) Natee The aumbese fe the Sunee safer to Pupnun’y W CONINENS.
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clacses, The moathly valuer ot epected twage -~ - !
were then piotted as shown ie Figs. 3 through 6. 1 1 77# i rooe 1‘
¢ 4
N 4. Ny *08003 !
DISCUSSION OF EXPECTED SONAR g — N A
PERFORMANCE OF 8-KC AND 14KC SYSTEMS ¢ ™\ "4 |
g PN A/ ~——{%wr000 :
in Figs. 3 ibrough €, the expected range is 8 ol N ~NC o008 ;
seen to have a miaimum in July and a maximum in by - ™ 7 _ ) i
December and January. This behavior reflects the < R ] b '
large number of negative temperature-gradient and BN
shallow isothermal-layer patterns in the summertime = i
?uw. MAR, may JULY '#Pt NOV, SN, 1
. N ,*.,‘mw MONTM ;)
gi ‘1\ - Fig. 5 - Monthly Expected Rango oi Detection of i
| y ] Shallovs Submarines (49°) ot 14 ke in the i
t '3r North Atlontic Area, 30° N to 40° N )
% B | ]
| \ T hewion 1
i g \ ~ i
5‘ z \ -1~ Tl], e %
i g N -/ BT !
%_'; A V / g 25008 ‘g . ] L) i -,'
E-i g 717 s BE S e |
ANEANANY S/ ASw -+ e -
‘ S COINCTY wos £ ~
4 -1+
N A o RN
S gl QaN.~ WaR MY JULY  SERT  NOV.  JAN,
» MONTH
N Fig. 6 - Monthly Expected Range of Detection of
Doep Submarinas (484°) ot 14 ke in the
o vy e, T TN Nerth Atlontic Areq, 30° N fo 40V N
mow aud the large aumber of deep isothermal layers in
Fig. 3 - Monthly Expected R onge of Dotection of the winter.
Shallow Submatines (49°) of 8 ke in the The effect of submarine operational depch is
Nerth Atlandic Area, 30° N to 40° N

such that expected r2nges for shallow submarines
bave greater yearly excucsions than those for the

r_\”-"T—‘ ! o 1.—1 greacer depths, for both the 8-kc and 14-kc dats.la
o E\\ 11 ) /""'."7000 winter, the diep submarines are lesa apt to be de-
8 = S Mgy 116008 tected by hull-mounted sonars than are the shallow
- x [~ ‘ < 15008 submasines. [n sumk.er, the situation is not guite
: g « T = 1 " so clear-cut,
: e T Nt 4008 In general, operational rasges isprove witk in-
a g - LT crease in figure of metit. However, the improveweat
% z + is most noticeable against shallow submarincs in
T +- the winter,
g 3 . . - TYe effectof acoustic frequercy on performance
i\ A A S e w may be seen from th: charts, wkich showihat equip-
Fig. 4 - Menthly Expected Ronge of Detaction of ment with a figuee of merit of 160 db ax € kc has
E" Daep Submorines (484'} ot 8 ke in the virtualty the same petformunce ss equipun a¢ with
a' Nerth Atlontic Area, 30° M to 40° N a figwe of merit of 170 db at 14 ke,
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STUDY H
THE USE OF RAY METHODS AMD FIRST-ONDER DIFFRACTION CORRFCIIONS'

H W Bersh, N

INTRCOUCTION

In many wav. problras, rey methads ace cone
ceolem wend accorate, Exrct in the limic of high
frequency, < empioying simple formulas, these
siethodp lose mility ot low fre quencies or becavee
of inndequace awmedcai scheace for intcrpeeting
them. We shali give coiriction torme which pretmit
.a exwasion of ray methods w lower frequeacies
(awd 22 (he same time provide en o asbastlon of e
validity oV e Mgh-frepoacy bimit), cad aleo ot
foeif som: nmeivl formulas and seametical schewes
oo e weacing eand the quansitadve coalumtitw of
refraction ‘spresdiag) =34 insctiernce.?

FUX5. ATION OF
THE FAY AND WAYE THEORIES

Thromghnt »e zowoide. o 1omogue0us
medicn we waich che phave velocity vacirn in ouwe
duxction only, With rospect 0 8 gives Cutesine
fr-we, let ¢, be the pheose vnorliy v e od'gi-
amd ¢ that at othet poirie. Tak( ¢ 0 M indCpemt
ot of x, y 30 thas ¢ = ofz). Define the ind~x of
v Laztion to be

mc/cg Y]

Fo~ watr 2 of anmpul 1 Teyaency o, thr wave
anmbe: wi the odigin is A, (= w/c,) rod & wave
ecamber an vy Do LG

Rrwic: b/, (3

"

I Thic muwdy apy-ared « igiadly oo YO Terfh W
Memrtonsam Ne, U061 34, 27 September 7.4 (WY
CLASSIFIED)

1past of thic maserizl wasy emnicer.d by [irnncan
A Haskill in *Ofirection Lifects I e Prpagation
of Compecesional Yaves in the Atmovphues,’ -
ica’ Rescodech Papes Ne. 3.

CONETDENYTAL

We shell characterize a Qcid polat P by its
Cactesion cnerdinete (x. y, z), or lis cylindricel
coordicne=s (r, & zL o its gslas cverdiantes
(2, & ) Om lntes~at will be Jrvesed @ cases of
symmetry sbovt the = asia. (n swth cases, de
wave poteandal (of simply harmenic waves) con be
expressed? in torme of cylindticrs waven

- &.f;lnk'“d" - vis, sl e

X, f P da . 3]

From e wy poit of view, emirgy fteoved:
Hcoregh the aediew olong patis deser’ w4 Sy Lo
quation

lr/dznncoad./v’l_—n’m"ﬂ.. f1]

rixre 6, Ja doe 1aclivadion 20 the tay e the adigla.
Then, it @ is the incliaatinn ot sy polat o this
sxy, Sl fmw is

coa@unreal, (%
Covimicy T piations [4) red (3), we moy weite
£
r -} e~ Pdr, @
Tl ucm ame tong thi ) wy to
o
tx f e smmag, o
“,
2l Wy ol Tt wipen o

ik, AR A - bk e o

By b v larcd y e ™ aedae Bopsd Jaan
ciou by #Tew) « :.m.’u 4 e e i g o
tionsl wave functt.u, n?m
[t/ dn™ + a? -2 «"( -l

&5

TTTY e e -




cd mrers, #f(dn o/ d{. 1(})
[ J

We nay intepret the progressive divergence
oi n ray tendle as & corresponding spreading of
wave cocrgy. Thus, for & simpic sonrce behaving

like ¢"/4o7 /R neat the origin, we bave from this
peiat of view

r!e-(mtan0) &/d0, 9
ns the ratie of wave intensity st wait discaace

from the origia s ths latensity et other puints on
the ray.

ASYMPTOTIC CEVELOPHMENT
OF THE WAVE FIELD

Equatou (9} viti eak dows whea I'Y/7° s
smal. I ovdes o investigrie diis siwmet: -3, we

awny sppenl 10 sn asympioiic develogmi st of Equar
don )\ Is is asewned chat Plrw! 10 bue slowly
veying. Coasideiisg an exwerxwn of the wmethod
of swmtionary phasc, wrice

) = hlwr - v (s o]
-, t(r-vdy, tic~a) g, /1

IO RN 2 TTRE (10)

as thr Teylor series for J(a) abexn the poist s,
Then

V., =Aheo.r—Ae¥a,
b, =hor~Lavs,
‘e ""‘.:v"':a

R WO (an

The oadorny Joiat sy is the 2lamon of the
sgrdor ¢ = 0 . Taeelare,

2
rev,. (13

Equation (12) is simply the ~quaton of that
tay for which & ~ cos 0,. Now i Equations (11),
r and x are fixed. If we write r’ Jor &r/& com O,

where r satisfies (12) end x !s held constaee, we
thea have

¢, =of ,
¢, '9,
‘:""""

¥ -k, (13

Kere ¢ ‘v turns out to be the travel time
aloag thzray in question, and the *‘ray intensity,”
Eq. (9), is simply related o the rate of chasge of
this tme,

According w the method of s:atiooary phase,
we can 20% write

é ~ 5,07 p(r cos 0,)

xf.“ﬁ./ﬂ[.’r‘# ‘!sl’ﬂ,r”’h. (14)

The path of integratior in £q. (14) s to pass
through the point » = ) snd 18 to terminare ot in-
finity in such & meaner that the imtzgral converges
nbeolutely for gemeral values of k,r” and kr™. Ve
shall presume that hoth these quastities have a
ssdall noa-azgative argvment, with results for other
values foilowiag by ssalvtic contissations,

An sppropriace path of integsution is I”) &8
llosemerd in Fig. L

I
esASTYy
\ och e,
]
Fig. 1 - Poth of integration, |’
SONFHOENTHL
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Dy a linear vapshosmation of the variable of
lategration s, und an sppeal 0 Canchy’s thesram,
we gut
$ ~ (VRyt*IV? Ay P(r c0s 0,)

x ,-«mnn—l.p" /3¢ *%)
x f.-'-“"’a. s

where

o =TV VG g ), (19

and "’ is as igdicated in Fig. 2. The conwwr ja
Fig. 3 is equivalent © the coatowr in Fig. 2. By
considering the conwur in Fig, 3 sad referring ©
the appropriate trbles,* it is found that

r

as w4y

fl.- ]

Fig. 2 Translermed Poth of intogration, ™’

PFig. i-lqﬂvddc.“bl'ddlwr'

4 Tables of the Modified Haskel Functiens of Order
::M Camputations Lsberatery, Harvard Unlver

SONEFOENT T

¢~ (Va4 P r an 0,

x,-n-u-nn-b'.lb".)

x(o/12¥9) b, LA/2Y */e*Y"). (D

Foe lmge &,, this is ssympevically
¢~ Y2/() ) Ptr o0 0) () 2 ™, (1)

which is equivalest o Eq. (9), Le., in theoptical
limit (Ay+ w). This swthed of seationary phase re-
duces to the geometrical, ot tay, appreximasion.
Let ¢, desote this limiting form of ¢. Then we
may write ia geseral

D, 2
e Ahgr ™ /¢ —’.’m.u"‘.'o,“

$-94,
2 3% a "
x by L/ 2Y %Yy, (19
or writlag
a=hs/n”?, ()
md
$~¢,10) (20
we have

] () = £¥28/3 -sw/12v2V 3 Ve

For a + w, implying high frequencies, [(a) + L

Coaversely, for a + 0, implying low (requencies,
or azar caustic liaes,

J(a) + 2V SN2 V837 (Y3), 29

and taking into account Eq. (9), ¢ in chis limit is

67
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Fig. 4 - Fire*Order Dilivaction Correction

$ = 2V8 412 PN 230 Py
x (8 /1) P)(sin 0 /m e )P . (24)

A graoh of J(a) is gives im Fig. 4. It is o be
sosed that | is indifferent w0 the sign of r* smd

that the comjugate value of J is to be employed
vhea r’ is negmive.

A SIMPLE METHOD
OF PREDICTING INTERFERENCE

The exact wavel time along a single ray is
seldom importaat. Ou the other hand, the differ-
ence of travel times aloag intersecting, and hence
imterfering, rays is often of interest. A significent
featurc of dhis incerfereace is its change with dis-
tance. For example, the spocing between interfer
esce sulls is & most ealightening featwre of the
patesrn,

Referring 0 Eq. (8), we have for constamt =,

dt/dv = (d¢/d cos@,)d cos 0,/ dr

68

= 1cq, [(dr/d 08 8,) cos 0, +¢

+f:coc0(40/1m30.ldzi

x d cos 0,/dv
= cos 0,/¢c,, (25)

where we have also used Eqs. (3) sad(6). We then
bave

42/ dr* = —(sin 0,/c,) 49,/ dv

=m sia 0, tan O4/c, . (26)

Now, except ncar focusing regions, § ~ "2, a0 that
d*t/dr® will sormally be megligibly small, Thue,
if As in che difference of uavel times between rays
ﬁ‘mhdhﬂhuﬂ..'.’.hcﬁ-.chu
over & change A in distance will be semly

(Ar/cy)cos @, - cos 81 . n

s e 4, it e




el el i b it e e L.

Therefors, Gie spaciag between poiats of shallas
Interference characeeristics is nearly

(20c )/ @ leoc 0, - c0s 0]) . (38)

This approximation 2o voild vhen I ~ 72 and when
¢ >> Ao Its great willity comes fros. the fact wat
iy the ray incliastions ot the sowrce meed be
keown.
hcmaﬂn«‘.n",’mmlylkm,
Az ltaell can b< fouad s'‘mply. Consider th? sitwae

T3

2ol

|
|
I
|
le- Pp—

Pig. 3 « Twe Rey Poths for Compatetion of Trevel-Time
Difference

tiou illustrated iv Fig. 5. The wavel time differ

eace, usiag Eq. (8), is

At = 7y cos 0o/ce + (V) (:h 07e) d{

+(1/c,) f (sin 073) &
-(Vc.)f(oh 0/u) d{+ (r~1y) cos 0,/c,

- cos 0./:.. (29)

The first two terms represent the travel time ¢ of
the primed ray in the wedium above the souwrce.
The remaiader of As is the difference in time for
two rays of inclinstion 0,, 8, traversiag the same
medium, o distances ¢ and r — 1y, respectively.
This remainder is searly

(dt/d8,)(0, - 0,) ,

~CONEIOENTIAL

ead (he angular difference 0, ~ 0 is seady

(‘./ ‘, " .

Hence,

A2~ 2y 4 (ry/ced dt/dr = 4y + vy cOs 0,/¢c,. (30)

Equatina (30) is useful whea 0, - 6, ie small,
M&hhm.qe.hcoquduh.‘.
lleno(d,.oodntk.cﬁd..le'.mdm
enter iato the calculation. If greater accwracy is
required, Eq. (30) can +asily be >xteaded %
higher-order terms, whict: will invelvc, for exampla,
the ray iatenaity and its rmees of change. Thuge-
forc, the weaciag of the basic s, wgether with
its fiest and secoad space or caguier derivatives,
will usually yield complete practical informatise
on refraction (ry.20ding), diffraction, and interfer
ence.

STRATIFIED MED'A-~-SPECIAL CASES

Ja treating & problem involviag aa arbicrasy in-
dex of refraction, it js usual to divide the mediom
up into suata, in ernh of which  veries in o sim-
ple manaer. Ray tracing them consists of wppiy-
ing formulas w0 get the increseats of distsace,
wavel tme, nnd istensity in each suatum, and
proper combisation of these to yield the properties
of the eatize ray. Thus, let x; be the chickwess of
the i) sirarum, r; and 1;, the increments of dio-
snce sad travel time ia the stracum, uad 0; the
aagle st which the tay enters. Then

r .Z'lt

t = 2:, °
It =~ (r sin 0/cos 8,) 3 (dry/d0,) .

Table 1 below gives formulas which apply ®»
several forms of variation of . [a the table, ¢; is

the velacity at the poimt of eatry of the ray, and
w is /¢y

69
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Table |
FORMULAS APPLICABLE TO VARIOUS RAY SHAPRS
" ” Y
- — Porm of Ray .
1+ nen (@ + 69721 Weadlsiont! tam O) — aloi? cer 8] Clonle

L V1-Tgds & omyvin (B~ 0) (Ve Xn, cos By —a sla? 8, /3gm + 4 sic? Oy3g) | Parehola *
wi=ghd (von Gyg sier) (sapoia ) | (op/2e; 00 B3{1 + 02 B + 2y 10 O/2eny | Bac Lawe

TABLES FOR RAY DIAGRAMS

A setol able s, which are useful la tracing mays
through stratified media, in which he separate
sars Jave coustant velosity gradics is, has bees
prpared on IBM cquipaent,. TRese i es promide
wavel lme, disieace, sad imtensity incrememts,
Entry isto the mbios is accomplished through ke
sagle 0, of entcy of the oy and the indzz of 1o
fraction x. Divided differvaces are provided. Lin-
e interpclation, weing dchese Aifferences, will
giv sufficiemt accwracy for most pmposer. The
tables cover the rang=s ior 0, im drgrees,

tfo.12
2(0.2}5
si0.5] 10

'. -

x " mw-1,0,1

s = L.000n2 [0.02002) L.002
L9002 [0.002] 101
Lo1{0.01] 0.1

70

to give the foilowing tabulated quantities:
0y:co88, =:cos P,

p oot i(®, 2+ 0,V

T s (sinh'! tam 3, - sink"? cam O,Vf8 ~ 1)
8 :plaint, e by,

Ysing tene, aad the zotation of the preceding
section, we have

r = Eml‘ .
¢t «{l/cy) Xy,
r' «(sin 0.0in 0,7/vos? 0,) 228, .

These tables mee avalloble at the Laboracory elther
in tabulacad fosm or en BN casds.
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STULY |
AMOS LOW-FREQUENCY DATA-ANALYSIS METHODS!

by

V. P. Condvon tnd J. F. Kdlly

AMY, LUINILFREQUENCY
DATA-ANALYSIS METHODS

One of the cbjoctives of the AMOS low-fre-

plots which were made by the cyssen asd which
point wp e of the wore laporvasc msdes of peep-

made ¢t sea by the lisening AMOS shir while the
trensmitting okip epcrured un wadcrwater siven or
M &) mmmorbex and epened mnage » AP kile-
yards, Bach tap-securder channel recorded the oue-
put of & hydeuphune surpoaded rx o dopth of alvher
W & 0 feet ratiselly while dhe range war
being apened.

' Thie swndy appecsed esiginally os USL. Research
Rapest Me. 219, 23 Jsnuasy 1954 (CONPMIDENTIAL)

LONSHPUEAM

H 2
L—Mhmm——l—- ol T TOUU R SUPEE St

METHOD OF ANAL SIS

A block diagram of the analysis system sppoars
Ia Fig. 1. The pupese of :he system is w rcoolve
the bowad-bard signel lnse 10 aetvew bands el e
preduce a plot of sewnd-presowre level as o fme-
ton of cthe logarihe of the rang: for cach beud.
In operation, the sigual is fed ficm the meguetic
tape w0 tea filtern wnd chen is averaged for cheme
seconds ln the recrifier averagern. The averaged
output of each lilter is thea ied o one pesivien of
a Bell Telephone rtepping switch, which i dviver
ot suzh a rate that a given filoer ontput is saapler’
ouce every M0 seconds. This is equivalent w o
rangc increment of 130 o 230 yards, depending
wpea the speed of the transmittiag ship. The sig-
ael fox cach filteris then fod to 2 Weatn Electric
4A Geaphic Level Recerder, where u phesselcctric
reading ead attached to the recorder alnit cos-
sants the veltages w a discreee number of pulses,
whick are fed o a binary connter and fiaelly tw sa
IBM Summery Punch. Thus, the sveraged ouprat of
sach fili.r is punched inw an DM curd as the
sepping swisch setaies. After the cards are pesc-
esscd, they are for’ » on X-Y Plotser, and the 2ad
result is a plot of sownd-precoute levsl in deciiels
relative ts ene dyme per contimeter squared a8 &
functise of the logacitsa of the rarge for corh of
the ten frequency bands. Most of the 28 seativau
taken ta dete have bees procesesd by the syscen.
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Fig. | - Blech: Diagran of Broad-Band Anelysis System

RESULTS OF ANALYS!S

In order to indicate some of the geaeral results
of the saalysiz mede to date, propagation cwrves
for theee stations made ot faidy widely separated
locatiens in' the North Atlastic Ocean will be pre-
sentsd. The mode of propagation best emphasiz d
by these curves ls thet responsible fur the focl

SOUND VELOCITY IN FT/ SEC

DEPTH IN FEET

\
\
L1\

Fig. 2A - Seund-Velecity=Depth Preiite

which eccwr at 70-kiloyard interniis in the south-
wa peetions o the North Admiic sad Pacific
Ocesas and at shester ranges 1 more northeddy
latitcndea. The curves asre presained primarily
show the varistion of range ts the: focus with goo-
graphical lecatisa and the variniea in signel lo=
crensz ot the focys with frequuacy.

In Fig. 2 are showa the srwd-velocity—~dupth
profile and a propegetion plot fix a statice takea
at 60° north istitude snd 019 west longitud: ia
Augast, Ray calciations iadicate that rays having
un lnclination of less chan 0.0 from s source at a
depth of 30 feet would be rmiained in the shallow
surface layer. Those having inclinations between
2.5° ead 10° would be refracted down imte the
lapet between che bottom of the SOFAR chenael
(dashed line) and the oceas botiom and would re-
torm o a bydrophoae at & depth of 30 feet at ranges
of between 43 apd 33 kilkiyards; the focus pesk
would occwr st 46 kiloywds. Rays with laclise-
tions greater thaa 10° would rfiect from the ocemn
bottom and would be received it all ranges between
the scurce and 43 kilcysrds. The agreement be-
tween the predicted aad cbettved focus mage for
the frequeacy band ceatered at 3600 cps s good.
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iy 28 -~ Prepugation Curve

Pig. 2- Date Ohteined on Statiuw 68° N, Oiew,
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Plg. 3A - Seund-Velocity—-Depth Prefile

ig. 3 - Date Dbinined on Stetion 79° N, €'* E,
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Fig. 4A . Semnd-Velesity~Dapth Profle

Pig. 4 - Date Obtalnad on Stetten UH® N, W W,
S Apell 133
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RANGE N KYD
SOURCE = SIREN  HYDROPHONE !
FREQ. - 3600 CPS DEPTH —20 FT g
m.mcps 8 ALY 1982 i

Fig. 38 . Prpogetion Curve 1
:
%
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o

RANGE IN KYD

['SOURCE - auKAY) HDROPHONE,_ oy

FREQ - 3600 CPS S APRIL 1953
= 800 CPS

Fig. 48 - Prepegation Cwrve
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Data for Fig. 3 were obtained on a station lo-
cated 79 notth of the previows one, at 75 north
latitude snd 010 east longitrde during July. Ray
calculations for this situncion indicate that rays
baving inclinations of 1.19 to 12.50 a¢ the source
Jepth would refract back to a depth of 30 fcet at
taages of between 27 and 46 kiloyards, and the
predicted focus peak would be ar 29 kiloyards,
Hete again, there is good sgreement betweean the
predicted focus at 29 kiloyards and the observed
peak, which begins at 31 kiloyards,

Figure 4 comtaing data taken on a station well
south of the other two, a: "5® north latitude and
700 west longitude duting April. The Mk 4(v) Sam-
merbox, which was used for this station, does mot
have so great an output as does the sicen used om
the previous two stations. Ia this instance, the
predicted focus range is 70 kiloyards and the ob-
served peak occurs at 69 kiloyards. Although this
focus appears to be weaker thaa the other two, the
tutal loss from 2 kiloyards to the focus is sppvoxi-
mately 8 to 10 db less than in the previows two
cases, and the apparent weakness is caused by a
lower sourcc output,

These three stations, fur which focus pesks
occucred at 48, 31, and 69 kiloyarde, respectively,
in the band from 3200 o 3800 cps, did aot evhibit
a marked focus az all frequencies. For purpoaes of
comparison, the propagation plots preseated ia
Figs. 2 through 4 are repeated in Figs. 5 through

E Vi y
3

§ A
g |

g N

¢

: M

; =i

g 1.7'_“_-&—&-5_‘_;

~BANGEW KD
SOURCE - SIREN | AUGUSY 1957
HYDROPHUNE OEPTH - 50 FT

Fig. 5 - Comperisen of Propegation Curves,
1 Auvguat 1952
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RE LEVEL N DB#; DYNE/CME

:

——_ RANGEWN KD
SOURCE -SIREN 18 JULY 193¢
HYOROPHONE OEPTH - 80 FT

Flg. § - Compurionn of Prepogation Curvee,
18 July 1952
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RCE ~MK 4
[ S e
S5 APRIL 1933

Fig. 7 - Camparisen of Prepagation Curves,
S April 1933
7, sccompanied by a plot fur a 100-cps baad ces-
tercd at 250 cpo.

Figure 5 represents the station wkere the focus
was observed at 48 kiloyards. Although thete is o
tise in level of approximately 20 db for the band
cewtered ac 3600 cps, no marked level increase
occurs at 250 cps. The same typc of frequency
behavior is observed for the second station, as is
shown in Fig. 6. la Fig. 7, however, the tise mt
the focus is somewhat more pronounced at 250 cps
than it is at 3600 cps.

ACOUSTIC PRESSURE LEVEL IN D341 DYNE/CME
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CONCLISIONS
¢ ,

Ne explovation for the dependence of focus
intenslcy on frequency is offered ae present, but it
is interesting w note thet the frequency band
which beot shows wp a focus ls wot always the
lowast oac.? It is hoped that an snalysis of exple-
sive pulses used in conjunction with the siren aad

2 Theoe conclusions were sppreprinee whes the «iig-
lnal sendy wao prepared, An explanation oi this phonem-
enua is presensed in Stady J.

N T Tl Tk D e v R ——-wv--_.v_—--—v-v-:_

COUSHOENTTAL

Mk 4{v) hommerbox during these sxpetiments will
siied sowe light oa this bebavior.

‘The AMOS low~frequency program hee reached
& stage where o ssbstantial sumber of experimental
stations have beea occwpled, and the data from
mot of these statioas have been processed Thse
propagation cwrves are wow being imterpreted in
the light of eaviroameacal factors, However, in
order to obirin the statistical averages which will
be requived for a practical application of the dats,
a much iarger sumber of additional stations will
be reeuired,

e O s i it b 3 2 4
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sTUDY 2

TOMPARISON OF COMPUTED ARD MEASURED INTENSITIES
FOR PROJECT AMOS NOISEMAKER MEASUREMENTS'

T. P. Condron, D. L. Cole, end J. . Kelly

‘Thearetical intersity-versus-range plots have
been computed for one set of Project AMOS deep-
wuter, low-freavency measurements. The scuod
ficld in the vicinity of csmustics and the botrom-
reflected field are ircleded in the compurations.
These Dloty are cowparra with actual propagaiia
tuns for which a broud-bend noisemsker covering
the fre quency range from 250 ¢3 8000 cps was used.
The pbserve] intendities ace in substantal agree:
ment with theory.

During the propagatica progras: which the { o
dec ater Sound Laboratory has conducted for zew
erul years in connectior with Project AMOS, a
variety of acoussti: measuiements have been made.
Of these measurements, the type to be discussad
in this study will be rhose in which a listeaing
Jhip lay te in deep water while a transmitting ship
operated & noisemaker and opened range to approx-
imately 80,000 yards,? The objzct of this discus-
siott is to present the medhod bring used to ine2r-
pret the propagation loss obsevved for each of cen
frequency bands in the light of oceanographic
factors.?

In general, three major modes of propagation
are respensible for the behavior of the observed

! This study was delivered as s psper et she Ninsh
Neavy Symposivum on ?)nderwater Acowsticy, 8- the Nuval
Research Laboratory in June 1954 and wis subsequeondy
publivhed in che January 1993 issuc of the Jowmad of
Underwatar Acousiics.

A Thic type of run is desigaated as & seation’ aed
will be referred to as such throughou! this stvdy,

3 The method which was used 10 resolve these nolises
mekee runs iuto plots of signs' level versus (suge for
ten frequency bsnds wsas discussed in “*AMOS J.ow-
Frequuncy Data Anal/sin Method,” by Thomes P.
Cuadron and Joha F, Keily, a paper delivered m the
Eighth Navy Symposium on Underwater Acoustit s, atthe
Underwat »t Sound Laboratory, 19-20 November 1953, Sce
alsc Study I of the present report,

signal versus range: (1} che dircet sowad fleld,
~hich is alwcys predomincot at the short caages;
'2) the bottorrretiected field, which becomes pre-
dominant ia che region beyond the direct field; and
(D the focuecd field, which is commonly obeerved
at & range of about &0 kyd in the southern portions
of tie Nonth Adantic and Pacific Occans and =
shorter tanges in more nottherly latitudes. For the
dizect aad focused ficlds the major causes of sig-
nal teduction with raage are spreading med ab-
sotption. For the bottom-reflected field, a bowndary
loss ix introduced.

The first portion of this study will deal widh
the bottom-zeflected field, and the final portice
will be & discussion of the focused field. Siace we
ste primarily inierested in lung-tange propagatioa,
it will suffice to state that the direct field cermi-
oates at a range of approximatelv £ kyd for the
station with which we are coscemed. Mcaswewents
on this ctation were made by using an wedervager
siren in 1500-fathom water in the aorthem la_  tndes
of the North Adantic Ocean.

Th.: expression for rutio of the intensity st osne
yard (o that ot any - & in the medium (Eq. (9),
Study H) may be writ.1 ¢:

'Y (R sia 0/cou 6,) dR/ P, , M)

where
6, = the ungle which the ray makcs vith dhe
bhorizontal at the source,

@ = the angle whicn the ray makes with the
horizoatal at the receiver, and

R = the horizontsl distance frtom th - sowrce to
tiie receiver.

ki is custcmary o brauwk the voiocitv-depth curve
into layers of ronstanc gradient, acd then
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R/, ~T dydd,

for K loyers. The foranias which were used Su
conputing 7 and dvy/dl, se ae lllown

o= (co/g; cve O ) (sle Oy ~sim 0, 4 4) ; (¢}

(dry/dP,) = (c, via 0,/g cos? 0,)
x(Vsin @)~ l/oiut; ) - (N

in e layer contnining & verns, the range oo the
depth where the ray enters die laver ©» the sume
depth sa the sther side of the vereex is

ry =(2c,/gy 08 0,) sin 0, , @
and the decivative is
dr /B, = (2,/g, cos’ 0,)(sin 0,/sl0 8,). (%

fa die above fommulas g, is the gradieont in tw b
layet, g, is the gradient o the wirtex layss, €, Ar
the angle which tie ray makes with she hocirentsi
ot the depth where it enters the versex layer, and
0;0nd 0, , ; se the sagles nade by rhe ray wpon
eatedng sad leaviag the [t layer.

Thees, at any poist aher the vertex:

IR/, = (de,/ 80,) .
[ e - e/ )). (©
1 vd g

The v~ 1 and v + 1 refer to che Inyers just before
asad after the vertex layer, tespectively. Whea the
sum of cthe terms inside the brackets of Ey. (6) be-
comes equal to dr,/d9, in maguimde, thea dR/ 0,
vanishes (since all the dry/#0, terms have dhe op-
posite 3igo from dr,/df,) sad a canstic is reached.
However, a sccond derivative exists unless it is
a'so o cusp, in which case the thied derivative
would be required.

The comected intemsity iu the vicisity of &
caustic is obtained by multipiylag the ray inten-
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siey/ by dhe spwse of & velue sbmined bew Fig. L.
Yhe valee of dhe paonmeter in compusnd Sowes the
F-dhwaing seistionshiy given in Bq. (39), Swidy &

= b, (dR/dx/2 (2/dx2)? , m

whete 2 is von 0, and A, Sothe ouvw aambes ¢ the
souece. J(n) is gives im S’ 84

The desivadives cpprasing ia Kq. (7) wese com-
puted layer by layer sa folisown

dry/di @ ~ (£ /3, 00l 8, )(2/uin 0, — L/ via 0140

n = (I cia O,) (dry/ D) ,
e /dx w —(2c,/g, cot? 8,) (Vala 0,)

= = (1 st 0,) (dry/ 28}, ®

ry'dxd a (cy /gy cued &)

x i(1/sin3 0, ~ 1/sin’ 0, 4 4)

— (¥ sia 0, - ¥/sia 6; 4 |\,

a2, /dx2 & (c /g, co8d 0,)
x (1/sin3 9, ~ 3/sin 6,). (7]
For purposes of Hlustraticp the method which

was used to compute phase, two 1ays which reflect
from the bottom will b2 cousidered with the sousce
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Fig. 2 - Geametry for Twe Bottem-Reflected Rays

and che receiver mt the same depch (2e¢ Fig. .
The mechod applics, bowever, w0 rays with twming
points snd to cases where the sowrce and the re-
ceiver are mt different depths,

Assune that the range sad its detivatives with
tespect to §, have bees calculated for the 8, de-
gree cay. The problem is tw find the ravel-time
difference and, bence, the phase difference between
the rays.

Dresk the travei-time differences ino twe
pasts, one pert being the time taken by the §,; de-
gree ray to anvers: the layer above the sowrce aad
the other being the difference in uavel time be-
tween the twe tays in the layers below e source
and the receives.

"
R -?lc,/ucoto,xoh 0,-sing; ., (10)
T -?;"/“)
x (twal-! sim 0, - zach-1 sic 0, , ), (1D
&Y/dR = (dT/40,) (8,/¢R) = cos 0,/¢c,. (1D

Expaad T in a Tuylor series as a function of R
(befow dhe receiver).

Tz = T04, + (ROy; — RO, ) (4T/dR)
(13)
+(Rgy, — RO, )/ 2 (*T/dE") +. . .,

T/ MR* = ~(sin 0 /¢ ) (40 /am) .

Equatics ( 14) is the difference in wave) time by~
tween the two rays in the layers below the sowrce
sod che receiver, and this is as iecrzase for the
Oy ; degree ray over the 8,, degrec ray since
dT/4R is always positive. la the layer above the
recriver there is an increase in aavel time for the
0y, degrec 1ay over the O, degree rny. Thus, the
wiul diffe;ence in unvel time in

T.o“ - r'ra“ - Ta".t wAT,

whete To9, , is the travel time for the y, degree
ray in the layer above the sowce.

It was found dhat for most caves the Rrst serm
of the expansion was sufficiest and dhas in e
layers below the ‘source and the receiver, the e»
pression

T0y, — 70y, = AR (cos 8,/c,)

wes usually accusate.

Figwe 3 shows theoretical plots of speeading
loss versus raage for sigmals reflected once fom
the bottern and for those reflected twice. The
curves ate Lased on intensitics computed by using
the formelas given above wnd the velocity-depch
structure which existed at the time the mcaswme-

| -

TR 7L

TWCE
FRONM BOTTOM \
SOUMCE DEPTR: 30
RECEIVER DEPTH: SOVEEY S
WATER DEPTH: SOOCFEET

8] U \
i1 TsLn - 4

[
RANGE ¥ KYD

SPREADING LOGS RELATIVE TO
1 YARD IF; 08
y

Fig. 3 - Theoreticol Spreeding-Luss Curves
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Fig. 4 - Sound-Velocity—Depth Pmiils

2
;

ments were made. The velocity-depth peofile for
thest measwrements is shown in Fig. 4. The sta
tion was made at 75° aorch laditale and 31° cam
longimde during July.

ia 8 homogeneour medium the two cwrves would
spproach e slope of ¢ db per distance doubled as
the slant ronge approached the horizontal range.
Bowevex, for the station wnder consideration sad
for wuet deep-water locations thete is comsid-
ernble corvacure for rays which make small sugles
with the botiom. As a result of this cwvatwe, the

50 FEEY
| soporervl M Y

T 1 | e moces

Eg“b‘ A\

i ~
e

. Vi

T

] [
RANGE IN RYD

Fig. & - Spreading Loss for the Combined Four Signal

Poths Reflected Once from the Bottom lor
o Frequency of 250 cps
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40

tate of sprending loss is grenter than 6 db ar the
longer ranges. Fuoe esch of these oeders of bottem
cetlection, as well as for all higher ovders, theze
are foir prths by which a signai cas resch a
ceiver (see Fig. 3). For wom of the ten bands juis
which the sirea spectrum was resolved, the ow
signals could be combined simply by wwltiplying
the inteasity for one path by fow. A1 tae Jower fre-
quencies, however, the rate of chaage of phes:
with range waz slow emough 30 that if phase were
scglected, significant ermes in the thasretical
curve vould resule. The plot shown ia Fig. 3 coa-
bimes the fowr indicuted paths for a frequency of
250 cps, which is the fundamental frequescy of the
siren used in the messwemesnts, The cowce und
the receiver are at deprhs of 50 [eet, and the water
depth is 9000 feet. Figuwre 6 preseats a similer piot

e

S ERESALN

"

Fig. 6 - Soreeding Loas for vhe Combined Fewr Signe
Peoths Reflacted Once fram the Bottem for
a Frequency of 1290 cps

for the fifth barmonic of the sirea, Becsuse of the
proximity of the peaks at this frequency sad because
there w.  two of mote harmanics in the pass baad
of all the fu «.. used in processing the data shove
the third harmonic, phase above this frequency was
neglected.

Yte cext step in the anclysiv was the cnastruce
tion of s theoretical curve which indicated loss
versus range. The computations for this purpose
included absorption and spreading for each of the
tenr frequency bands.® Wheo the upreading loss

4 Absorption was computed from Leonard's forwein
aod by uring the new constants which we presvated by
H. Wysor M: cab, Jr., and Mortis Schulkin in Study A of
this tepor,
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ORATING ANSLE AT OCEAN POTTOM W OEOREES

Flg. 7 - ReHection L uss ve. Grezing Angle ot Oceen
Bettew

and absorpiion had been established as functions
ot cange, the: theovetical piots for sigmals reflected
suce m the borcum were vompared with the meas-
wzdpropagation plots at ol srcranges where spread-
ing predictcd that these cignals would be much
steoager than those of higher-order ceflection. A
ruvothed curve of loss per reflection versus angle
M reflection atrbe bottom was thea conswructed for
cnch of the tea froquency hands and extrapolated
to include angics from 15° to @0°. Some of theae
turves ase shows is Fig. 7 sad isdicate chat the
rcflection loss increases with frequency ard angle
of refllection. The mazimum rasge waed in deter
mining the curves was 10 kyd, which corresponded
to a ceflection asgle 2f 30° for this statica. Valwi's
fom these carves were wsrd o comrect siguals of
higherorder botom reflcction, asd the various
orders were combined. The end cesult was » pre-
dicted curve which iacluded spreading, absorptice,
and boumdary loas for ench frequency bend.

I» order to check these rescits, the predicted
carves of level versus range were compared with
the oboerved plocs with the view thart ray large
etrov in bottom-reflecticu Joss would show wp be-
youd the 10-k;d renge, the murinum range used in
determiniog the curves in Fig. 5. The agreement
between the predicted sed observed levels was
good excepe for the 25G-cps plov. This ploe indi-
cated that che bottom-cefiection loss ic not 2zero
for angles of less than 37° (see Fig. 8. Ja Fig. 8
the solid cwsve is the predicted oae. It is evidemt
trom Fig. 7 that sie decresse iv observed signal
is more rapid thac that expected if the loss were
zero for grazimg angles of less than 37°. Points
beyoad 26 kyd have been omitted becsuse focuazed
rays which do oot reflect from the bottom urrive ia

CONFHIEN AL
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Fig. 8. Seund Presawre Lovel va. Renge vor
@ Froquen.y of 250 cpn

this region. A sample of the good agreement &
other frequencics is showm in Fig 9, whick is a
plot of measured acoustic-pressure level weons
range for the frequency band from 4000 o 3009
cps. The smooth curve is the one predicied on the
tasis of the bottom-reflection losses showc In
Fig. 7.

Two focus regions, owe at a range of 0 kyd
sad ome at & range of 66 kyd, were observed dor
sng this station. These wzre caused by rays with
inidal sowrce angles of leas thas approsimately
12° which wemt through turning poimts et depths
between G000 and 9000 fert. As ¢ resuls, focx cane-
tics were formed at shallow depths in both locus
cegions; each caustic was associsted with oae of
the fowr possible paths. Becruse of the mapid con-
vergeace of the ruys in the coustic tegion and the
subsequent incerference between acighhoring mys,

it was mecessaty ‘o comrect the levels based on

-

FREQUENCY BAND: 4000-5000Cr S
HYOROPHONE

SOLNCE DEPTH: 20 FEET

SOURCE LEVIL:

.b [~ rELD 6708”1 ovae/cM®

E bk

NI

gt Toasel
1 |

RANGE W KYD

Fig. 9 - Sewund Presswre Level vs. Range for the
4000- %o 5000-cpn Frequency Bond
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Fig. 10 - Meeswed Prepegetion Loss to First Focve Reglen

* FREGUENGY ¢ NG

.« 11 Measured Prepagetion Less to Second Fecvs Reglen

ray geometry for diffcaction. This comection was
accomplished by using the formulas gives pre-
viously.

Figwe 1, which is a graph of the correction
facior fos diffraction, predicts that the maximum
imtensity does not occur at the caustic where the
first derivative vanishes but at some neasby poiat,
the position of which is dependent on frequescy.
This factis in agreement with the findings of Airy.
By weaas of these corrections aad by application
of abeorption loas, 8 theoretical curve for minimam

82

propagation foss versus frequency for each focus
region was drawn,

The curve for the first focus regios sear 30
kyd is showa in Fig. 10. This ceeve indicates a
minimem ioss of approximately 62db at o frequency
of 1500 cps which is caused by less intense fo-
cusing &t the lower frequencies and higher sbsorp-
tion ot the upper frequencies. Since the ambieme
level i» lower and the bottom-reflected field drops
to the awbieat more quickly at higher frequencies,
there is an argument for choosing one of the higher
frequencies whea attempting to obeerve the focus-
ing phesomenon.

The predicted and observed propegation losses
for the second focus region near 63 kyd are showa
in Fig. 11. Although some scatter is apparest,
there is good gemeral agreement between the pre-
dicted and observed values. The peak of the the-
oretical curve appesrs st approximately 1000 cps
as opposed to 1500 tps in Fig. 10. This fact in-
dicates that as the range to the focus region in-
creases, sbeorption will cause the optimum focus
to shilt cowsed increasingly lower frequencies. The
scatter in Figs. 10 and 11 may well be aa error in
source level.

In coaclusion, the complete inteasity profile
for coe of the AMOS low-frequency noisemaker ruas
has been calculated accordisg 1o the oceanographic
picture. It bas beea possible to ralculate the peak
intensity ia the focus region withia a few decibels
ofthe obsesved intensity. Bottosereflection losses
bave beea obtained as a function of the angle of
reflection at the bottom. it remains now to check
whether the behavior of othee AMOS statioms is
similar to the behavior of the station discussed in
this paper. Futwre plaas siso lnclede a compuris
son of the bottomcellection losses for each sta-
tica with bottom cotes asnd seismic profiles made
during the measurements.

T T T T e
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Mavy Undarwanee Sound Labotasory. 1. Undarwaser sound Navy Undszwess sound Labeewury. L Osderwase sound

Ressarch Report No. 358 zamsmission— Recoarch Report No. $58 waasmisstn—

REPFORT ON THE STATUS OF PROJECT ALIOS MacnTement REPORT ON TIB 3TATUS CF MOSECT AMOS Maanwement
{(Acoustic, Mewceological, &sdCcssnograhic Suevey | L Marsh, H. Wysor, 1. (Acoumtic, Mewssslogical, andOceasogeaphic Swcvey | 1. Mash, H. Wysor, Jr;
1January 1963 - 31 December 1964), by H. 17ysor 1L Scbulkin, Mosris 1Jasusry 1963 - $1 Decamber 1964), Ly K. Wynx 11. Schulkin, Movris
Marsh, Jr., andMorris Schulkia. 21 Mar~h 1988, I1L Project AMOS Marsh, k., sadMeris3chalkia. 21 March 1956, 111. Project AMOS
i-ix « 83 p. CONPIDINTIAL Iv. aouguf i-ix + 88 p. CONFIDRNTIAL IV. NE-120231-8

Pas

The Project AMOS work .E& es camried out R The Project AMOS woek which was caried out
dwough the period 1January 1963 - 31 December 1954 is theough the persiod I January 1963 - 31 December 1954 is
ngugﬂgaﬁogg‘. summarised. This is a fizal report of the AMOS desp- <
WENE ACOUStIC MSANE3ME N W owvonnn Juna 1949, T watee scomstic messweinend which began in June 1949, «../.M/

The major stdy is an anaiysis of tound wansmission at The mujor study is sa analysis of sound rranemission at .}W.W.r.,
frequencies berweca 2 sod 25 ke bassd on all the AM froquenciss berwess 2 and 26 ke based on all the N
Esoﬁlgscp:-!nsaonggsnm_f data and on othes dats availabls in the clawmified and g%
(over) (over)
: + —
Mavy Usdeswaser Sownd Laborsaey. 1. (ndecwaser sound Navy Undarwasss Sonad Lakeeozy. 1. Undearwate: sound
Research Repast No. 283 wassmission — Reseasch Report No. 588 trassmission—
PZPORT ON THE STATUS OF PROJECT AMOS Messwemesot REPORT ON THE STATUS OPF PROIBCT AMOS g
w (Acs weic ‘Lssscsclogical. andOcesnographic Survey | 1. Marsh, H. Wysoe, Jr. Si é.lgio urvey Marsh, H, Wysoe, Js .
. 1)Januery 1963 - 30!88’38& byH. Wysor 1L Schulkin, Morris 1Jcauary 1963 - 31 December 1964}, by H. Wi _xmgng
Mansh, Jr., asndMocxis Schulkin. 2 lnr 1958, 11L. Project ANMO3 E' aad Mowis Scmlkin. 2 ‘I.nr 1984, wauonng
f-ix + 82 p, 8218.—.—2. Iv. 118-120221-9% - f-in + 03 p. CONSTDENTIAL ~< NB-120221-

Ths Profect AMOS work which was casried out Oy The Projsct AMOS waeh whizk was casried out ,/' h
twargh the pariod 1January 1963 - 31 December 1954 is o through the pariod 1 Jscuary 1963 - 21 Decemnber 1954 is |
ssaunarized. This is s fincl report of the AMOS deep- o smmarized. This is 2 fina) report of 128 AMI0S dosp- g
VST acTC measurements which began in June 1949. 8 watee acoustic messwements which began tn june 19¢9. , ]
Tas major suudy is a0 saalysis of sound wansmission st o The Major smudy is aa anelysis of sonad wanamission ar P




Ay presydinoo sea PIRA TATBML BRD) p v
-anw vpon ‘pescessal orre wm anea deep U TONOVY
~301D00S4 pue ‘TEed0 @ Uy Suren Lvs ‘sisltvoe mawp
smeazssioc A3zanbeg- A0t SOMY )C WIPrag “mntiss
aooe Jo qumn ¥ 0f selue: passpesd pur pemsvr
pTL 6 weapwdmos ¥ uenowep SuPpioar 17 pures
2%eq of YA dep ¢ 38 pos lep sdooeped 3w ssuTE
$-12203T-AN Al | -qui s Jo sexmby motva pus wTIMdeg oTNA
111 § 3 swuoe Suriuei-2008 ‘PERIUSOE-TIWM] 20} seAmD sfuma
11| tesmsy 1ounwood o peen 3j twm mkvue voneBvdoad
A "k py "R SN "1 | SONKY W1 “1x80 peanerand sy spireue ucnySvdod s
IIRTERNN | jo Lpms 1008 TY SIeTIRd [VICHMDONATS RIS jo
—UOITENER (vop-uwy ¢ e pestessad s alIvus Wp wO peReY G
e ¢ wopogsel aot-vowdedor] “sEsRImy pegINIIoEcE

sopaton; 5 potnd oyp B
frmeprapinms A PRA SANAL S9RD p Lam
N ~Ee vy ‘puuscal ONY 98 3380 Jeep ©) BORIIY
VV -5 DOBSYPET o0 v B Saora L1 suiives nivp

2 ayvarsspou Lverbey-noy 3CK7 )0 wiprag ‘sans’s
s Jo Jeqroms v 20) selluvs peropexd pue pemeesm

P & Sondao ¥ Sopdnp Supioas 05 pesms
% PEA dep ¢ 1w par Pdep sdooeed v seupem
$-TESET-EN Al | -qes 1y waem )¢ mmBy morwa pov seoueabes; morwa
117 | % uvom SarPusi-onoe ‘PRTNO-MR] 10] teamS ofuv.
11 TEAREY TINNINOO 03 poe: 7] tep s@Lreoe vozvivdoad
N1 | SOMY eql 2ues pussseead 5 spirene vopelsdoad s
ERCISTISON ! J0 Lpa 2010 SV “SIINTIM [VIISTIVCIIADS TTN260 JO
~SONINENNR [sonJens ¢ ¢ pusessal 988 WKW P WO PeNq GG
ot 4 sopoypesl mot-wonefedcsy “s¥ImIny peywrTovcn

® ~SPULBERENGD P

0-13T0E1-IN Al
0PIV 130f0ig ‘171
SNON “TR(GOS 11
A M R TN Y
TSIV
~=S0TNRONNS

PEmOs JoiSaepun T

x
ivﬂu
ad
P
.-

/
€.y
.\“_\u

6-1Z2031-AN ‘Al
SONY 13%f01d °111
SION THITPS 11
‘A ‘;ekp R RN ]
DTN

= BOPSTINOU

PSRcs wwnsNpu) T

Popapou; 57 ‘popsed syp U
£;300 pasrpdunco seA ORA TATEML SSD Jo Amvay
~cans 7 puy ‘pesnesssd one e1v a1em dosp uy DondIY

-84monoq pUY ‘useco s oy Suoes L1 ‘srliene nivp
ssvazsnou £usuber- 201 SONY JO WIPMS “RONKs
2rsos Jo Jeqeunu v 0] seboes peopaxd pur pamsrem

[Jo opem & vosmdwoo ¥ woEonp Supioar 10 pams

308 5 WI9A Pdeg ® 19 puw Mdep sdoosraed 3w seupT:

-Quy 203 313008 Jo semBy moLIRA PUB zapouINbAY OTIEA

3% swoos Surluvwi-oqoe ‘perumcm- [y 20§ $3AMO IBuR:

TV3NTT 1ONANOO 01 pemn 5] ustp spieue vopsSvdoad

SONY syl x93 pmusesad sj mnireue vopvSvdoxd om

Jo Apue 3010 uy ~umeczemd (WRmUONIATS UTRLIEO JO

SORIUN} ¥ 98 petaeesx] s ssivuw sp Do pareq nIwd>

wopajpesl sof-vonviedosd “SRUTIN PIYINEIOUOT

“paparouy 51 ‘potaed syp Uy

Ao pma1dmod rwa oA ‘IATEML MDD jo Avm
-gms v pov ‘pavwsaad ore sIw 1mem dowg O] DOROIY
-~81ToNeq pUe ‘ueedo s uy Supoen Ler snlivoe miwp
3emasion Asusnbag-mo1 SONV jo PBPpS “suAhs
2¥00s J0 ’qumu ¥ 20§ safuv: paropexd pue pemseam
30 spewm 57 vosLedmoo v “Bopowap Surpioas 0 pams
159q 11 oA pdsp v 17 puy (dep adoossad 18 ssuTYm
-qus 30731300 Jo s3mBy mowA puw serduInbeyg moyrea
1 swuos SzBuvi-ogoe ‘pestmow- Ty 303 seAImD IBuw:
TP38%] 15008005 01 pesn 5] ump spivue vonededor!
SOV W1 “1xsu pwmustaad 51 syieue convBedod aq
Jo Apras 2009 oY ImemEAd (VITSMTONATS UTRLIO JO
R0 ¢ %8 PeDessad e:v sisd[vur snp wo peveq avgd
vopotpeal sot-vopededayd “sErvamyy pegTREIoTou




UNCLASSIFIED

Mavy Undsswane Scund Labssawsry. L. Undarcraree cound Sevy Undsswens Sound Labscstary. L. Ondecwaser sound
Hessarch Bepart Mo. S88 wcaitisn — Recaaveh Repest M. 358 waannission—
KBPORT ON THE STATUS OF PROTECT AMOS Messuoment MFORT ON THB STATUS OF MOSECT AMOS Meanwemsnt

gélguﬂ!« L Marsh, H. Wy, & (Acomete, Mowsasslogical, sadOceasogeaphic Swrvey | 1. Manh, H. Wyscr, k)

1Jangicy 1963 - 31 Docamiber 1964), by H. Wysce FEFKI!. 1Jesmry 1988 - 31 December 1084), PYH. Wy 11 Schulkin, Moeris

Man, k., sndMonzisSchulkdn. 3 v-low 1988, 1. Froject AMOS Massk, k., sadMewieSchullia. $1 March 1988, 11L Project' AMOS

f~ix +» 88 p. CONFIDINTIAL ~< NS-190281 -9 $=ix +» B8 p. COMFIDINTIAL IV. NE-120221-9
Ths Project AMOS wirk which was camricd o The Proiest AMOS work which was camried out

twough the period 1 January 1968 - 31 December 1954 is tnough the period 1 Jannery 1963 - 31 Decamber 1964 is

sammasrized. This is a final repoct of the AMOS desp- ssmmarised. This is s final report of the AMOS desp-

wame scoustic mestwements whick began 1n June 19¢9. wanr scountic mesmumens which begas fn Juns 1 949.

Tbs paajec reudy is an saslysis of sound wasamission st The iasjor sudy is an saalysis of somad wassmission st

frequencies berwesn 2 ané 25 ke bassd on all the ggnlalis.u&.j

data and o other data availsbls in the classified and | CardSINMIRIRISL data and on othes dasi 2vailable ia the clamsified and | Card COWBRRENFTEAL-

{over) fover)
- —_

Mevy Usdeswase Sound Labocsasy Underwatae sound ¥avy Usdwwonz Souad Laborsesey Gadarwasee sound
Rassarch Rsport Yo. 358 smsrnission — Rassarch Repart No. 358 wagsmission—
REFORT OM THE STATUS OF FROIBCT AMOS Messrement REPORT ON T STATUS OF PROTECT AMOS Masswsment

(Acoustic, Messarological, 38dOcesnographic Swvey | 1. Manh, H. Wy, J. (Acoumic, Meotssssiogicsl, andOcessegzsshic Saxvey | L Marsh, H. Wyscr, J.

1Jsassry 1963 - 31 Decetnber 1964), by H. Wysoe 11 Schulkin, Morris 1Jsanery 1989 - 31 Docomber 186¢), DYH. Wyscr IL $chulkin, Moeris

Marsh, k., sndMomzis schuikic. 21 March 18068, 11L Project AMOS Massh, k., andMawisSchuliia. 31 Masch 1668, 111. Project AMOS

i-ix + 83 p. CONFIDENTIAL Iv. 118-120221-9 f=in « 58 p COMPIDINTIAL IV. NE-190321-9
Tha Project AMOS work which was cawied ot Ths Praject AMOS wagh which was cawied ont

tiarovgh the period 1 Jasuary 1969 - 31 December 1984 tasoughs the period 1 Jaanary 1963 - 31 Decembar 1984 is

ssnmarized. This is a fizal seport of the AMOS desp- _.q'li..ﬂ‘r-gio:'s’?
watcz acoustic rosasmrsments which began fr. june 1949, _Zﬁ ;o L 2258 scoustlc Wesrmements vhich began fa Juiss 1949

The major stady is as analysis of sound weammision at C}C Tha majer study 5 a8 anslysls of sound trsammistion at




ancussifen - T

: DETACHABLE ABSTRACT CARDS

: The abstract cards detached from this document are locsted as follows:

,§

, S

§ . 3 ...................... ‘ 0000000000000000000000
L I I IR AP I S P L S T I I I P
Tosceeeersocsnstsncnnsas R I I I IR SRR
Signed: . ......c0000000000 4 S

H

'

t

]

[

|

5 |

UNCLASSIFIE
Mr%‘\
Lﬂ e ctace e B i Camabdaks . e kel o e - ) Tt T '



